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. PREFACE.

Ix 1830, the fabrication of matches was not

yet, properly speaking, a special industry. It
was limited to a few poor families, who not
having the means to purchase in any quantity
the materials necessary to the fabrication,
were forced to sell, from day to day, the pro-
duct of their labor in order to be able to pur-
chase new material.

The want of a machine which would cco-
nomically manufacturc wooden matches pre-
sented an insurmountable barrier to the devel-
opment of that industry.

The work was done by hand, with imper-

A
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fect tools, which very often wounded those
who used them. After the invention of the
first machine to cut matches, a single man
could manufacture daily from 1800 to 2000
matches. )

Chemical improvements favored also the
development of this industry; oxygenated
tinder-boxes largely increased; and, at last,
the invention of inflammable mastic produced
a complete revolution.

This new fabrication, of German origin, was
established in other countries after a certain
time.

In 1836 few factories were in operation, but
since that time these establishments have
greatly multiplied. Notwithstanding this ra-
pid progress, the hygienic character of the
business has not been much improved. While
it may be considered as an industry most inju-
rious to health, yet hygienists have not given
us much light on the subject. The accidents
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which their fabrication, cartage, use, eto., are
liable to produce in so grcat numbers have
not yét been the object of scientific investiga-
tion.

The question of gun cotton is probably
one of the most interesting which has risen
into notice in the midst of the scientific move-
ment of these last thirty-five years, The
doubt has increased concerning the real value
of this product and its applications. It is,
therefore, useful to collect carefully all the
elements of the question, to arrange them me-
thodically, and to judge them with calmness
and impartiality. It is with these views that
this work has been composed.

First, we have shown the present state of
knowledge concerning the composition and
nature of its pyroxylic products, its ballistic
properties, its applications in pyrotechny, sur-
gery, photography, mining, etc,; its preparation,
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and the accidents which are liable to take place
during this preparation; the accidents no less
serious which result from the handling of gun
cottor, and its application to firc-arms.

Lastly, we have shown the causes of these
accidents, the means to prevent them, and the
processes of distinguishing gun cotton from
ordinary cotton, not only in common use, but
also in cases where it will be nccessary to
proceed to a judiciary inquest.

To the fabrication of matches and gun cotton,
we have added researches upon a subject well
worth the attention of hygienists.

Every one knows what development has
taken place in the fabrication of fulminating
powder, since percussion guns have been in-
vented and used for war purposes; but, what
is not so much known, is that this fabrication
isof all industries, not only the most unhealthy,
but the most dangerous.
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To state those dangers, and in a few words
indicate the means which science offers in order

to prevent them, is one of tho objects of the
last scction of this work.

New Lenaxox, June 25, 18G4.
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MATCHES, GUN COTTON, COLORED FIRES, AND
FULMINATING POWDERS.

————— e e

SECTION L

CHEMICALS USED IN TITE FABRICATION
OF MATCHES.

CHAPTER L

PHOSPHORUS.
Formula Ph. Equivalent = 32,

1. HISTORY.

PHoSPHORUS was discovered in 1669, by
Brandt, alchemist of Hamburg. He was
engaged in researches on the philosopher's
stone, or the art of converting common metals
into gold. DBrandt thought, that by mixing
urine with the metals that he wished to trans-
mute, he should succeed better; but instead of
obtaining what he was searching for, he disco-
vered a new body, luminous by itself, burning

2



18 MATCHES.

with an energetic power. It was the phospho-
rus. Surprised by the appcarance of this new
body, he sent a specimen to Kunckel, a Ger- '
man chemist, who showed it to Kraft, of
Dresden. This latter found it so marvellous,
that he immediately started for Ilamburg, with
the intention of buying the sccret of its pre-
paration; and, accordingly, he bought it for
two hundred dollars, on condition that the
secret would not be revealed. Kunckel, wish-
ing to know it, and seeing that Kraft would
not reveal it to him, resolved to discover it
by experimenting himsclf, and, after many
trials, he succeeded in 1674,

However, the process of preparation was
kept secret till 1737, at which epoch, a stranger
coming to Paris, made some of it before four
commissioners named by the Academy of
Sciences, Hellot, Dufay, Geoffroy, and Duhamel.
When the preparation was made public, Hellot
described it, with details, in 1737,* and Rouelle
repeated it in his public lectures of the same

* Mémoire de 1’Académie des Sciences, for 1737.
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year. The process consisted in evaporating to
dryness, putrefied urine, and heating strongly
the residue in an carthceu retort, the neck of
which communicated with water.

Phosphorus was prepared by this process
for some time; and a few years after, by the
advice of Margraff, a salt of lead was added to
it. Notwithstanding this useful addition, phos-
phorus was so rare that it passed for an ob-
Jject of curiosity, to be found only in chemical
laboratories. »

In 1674, Gahn discovered it in bones, and
with Scheele published a process which per-
mitted of obtaining it in considerable quanti-
ties. It is this same process, slightly modified,
which is now followed.

Phosphorus becoming more common, chem-
ists could stﬁdy its properties. The most re-
markable works on this subject are those of
DPelleticr, who combined it with sulphur and
some metals; ZLavoisier, who discovered its
combinations with oxygen; Dulong and Davy
studied its different acids, and Beizelius not
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only examined them, but also their combina-
tions with bases.

2. PaysicAL PROPERTIES.

Phosphorus is solid, insipid; pure, it is so
flexible that it can be bent seven or eight
times without breaking. One six hundredth
part of sulphur is suflicient to render it brittle.

The nail scratches it easily, the knife cuats it
without any difficulty.

Its specific gravity = 1.77. Its odor is weak,
and similar to hydrogen gas or arsenic in va-
por. Sometimes it is transparent and colorless,
sometimes transparent and yellowish, some-
times half transparent as horn, sometimes black
and opalescent.

In the dark it is always luminous, provided
it has the contact of the air; from that pro-
perty, its name of two Grecian words, ¢ws, light,
and ¢opos, bearing.

8. CHEMICAL PROPERTIES.

Phosphorus melts at 111°.45, and boils at |
654°. Its vapor is colorless, with a density ==
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4328, Exposed to a heat of 140 to 158°, and
suddenly cooled, it becomes black ; by cooling
slowly, it stays transparent and colorless; a

, moderate cooling gives it the aspect of horn
from black it becomes colorless by fusion, to
become black again by cooling.

Mr. Thenard was the first to observe theso
phenomena. Ile thought they were common
to every kind of phosphorus, but sinco, he
has had occasion to ascertain that such is not
the case. e found that phosphorus was
susceptible only of those different aspects, even
after distilling as often as three or four, and
even eight or ten times.

The distillation  of phosphorus must be
made carcfully, and in small quantities, other-
wise the facility with which this body burns
renders it dangerous.

The phosphorus must be introduced into
a small glass retort, fixed in a small furnace.
The neck of the retort, which must be kept
warm, communicates with water at about 190°,
Uecat the phosphorus by degrees till it boils,
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and continue the heat till the whole is dis-
tilled.

The distillation is made below red heat, and
does not require even 892°, It always leaves
in the retort, a little red powder of oxide of
phosphorus.

Solar light colors it red without rendering
it opalescent; and this change is effected, not
only in the air, but also in vacuum.

Phosphorus kept over mercury, in a glass
tube full of oxygen, at a temperature of 80°,
" and under a pressure of thirty inches, does not
absorb oxygen in twenty-four hours; but if
the temperature remaining the same, the pres-
sure is diminished, so as to be only two or
three inches, the phosphorus begins to be
surrounded by a white vapor. It becomes lu.
minous in the dark, it dissolves the gas oxy-
gen by degrees, and forms hypo-phosphoric acid.
The less the pressure, the less heat is needed
to produce combustion; ncvertheless, it will
not burn at 41° or below.

If in the above expecriment the pressure is
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increased, the combustion is determined only
at a higher temperature,.

The addition of more or less quanmles of
nitrogen, or hydrogen, or carbonic acid, to a
- given volume of oxygen, produces the same
effect. The diminution of pressure is the
reason why phosphorus is luminous in the
the air, burns slowly in it, and absorbs oxygen
to isolate the nitrogen.

Phosphorus is reduced sensibly in vapor,
at the ordinary temperature, in all gases which
do not attack it.

Phosphorus burns in a mixture of air and
oxygen, contammrr four of oxygen and three
of nitrogen, the oxygen being absorbed.

If solid phosphorus acts very slowly on
oxygen, it is very different when melted; it
immediately absorbs and solidifies the gas,
and the result is phosphoric acid. The disen-
gagement of heat is so violent that the eyes .
cannot bear it. '

Besides phosphoric and hypo-phosphoric
acids, phosphorus produces two other acids,
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and one oxide, then it unites with oxygen in
five proportions. .

It possesses the property of combining with
a great many simple bodies, viz, hydrogen,
sulphur, sclenium, chlorine, bromine, iodine,
and all metals, Its union with carbon and
nitrogen is & problem, Those that it can make
with barium, silicium, fluorine, have not been
studied.

As phosphorus has a great action on air, it
must be kept in bottles containing no particle
of this fluid, For this purpose, boiled water is
cooled without the contact of the air, and the
phosphorus is introduced into it. The bottle
is shut, and kept in a dark place; but, notwith-
standing this precaution, phosphorus covers
itself with a white crust composed of four of
phosphorus and one of water. To preserve it
from this alteration, it must be moulded in the
form of sticks, and kept in this state in bottles
full of water.
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4, NATURAL STATE.

Since phosphorus burns with so much fa-
cility, it does not exist pure in nature; and in
which it has been met only in éo_mbination
with other bodics, viz, with oxygen, and me-
tallic oxides, in some phosphates, particularly
the phosphate of lime, which forms the solid
basis of bones of animals, in the milt of the
carp, and a part of the cerebral matter and
nerves, substances composed of oxygen, car-
bon, nitrogen, and phosphorus.

5. EXTRACTION.

Phosphorus is extracted from calcined bones,
which have been heated to the red heat in con-
tact with the air, so as completely to destroy the
organic matter. This combustion can easily
be made in a lime-kiln. This kiln is sur-
mounted with a reverse cone, terminated by a
pipe, more or less long, so that the gases can
be directed into a chimney.

Oven.—A particular disposition which per-
mits an avoidance of the disagreeable odor, and
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renders the operation more economical in
burning all the gases, is indicated in Fig. 1.

Fig. 1.

»
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This disposition consists in a cylindrical
oven, A. The upper aperture of which, 4/, is
narrow and provided with a cast iron muff;
near the lower part, the aperture B is put in
communication with the body of the furnace
with a circular gallery leading to the chimney
D; a grate C, supported by two transverse bars, -
which are fixed in the beginning of the opera-
tion, the door Z being open. The grate is
loaded with combustibles, which arc lighted
under it. When the fire is well-lighted, shut
the door E, and in the low part of the chimney
D, by an aperture 2V, light a few handfuls of
shavings to establish a draught. Shut the
aperture [, when the flame passes by the aper-
ture in the circular gallery, and thence into the
chimney. Begin toload with bones, the organic
matter of which accelerates the combustion
which is-eomplete; all the gaseous products

_passing through an incandescent mass. W hen
the furnace is full, shut almost completely for
a few minutes the upper mouth A4’) then with-
draw the bars of the grate €, so that the burned
bones fall on to the ground. After this ope-
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ration, shut again the door E; fill the furnace

with new bones, and from time to time extract
“the burned bones through the door E, which
_ is shut immediately, and new bones are intro-
duced by the aperture A’. The combustion is
uninterrupted, and operated without any other
combustible than the substance of the bones
itself. The incombustible residue of this ope-
ration is so formed :—

Sub-phosphate of lime . . . 80 to 82
Carbonate oflime . . . . 15 to 17
Sand . . . . . « bto 1

100 100

Pulverization of the Bones.— The burned
bones are reduced to a fine powder, and passed
through a sieve; the coarse powder is ground
over again and again, until the whole is en-
tirely powdered.

Decomposition by Sulphuric Acid—To pro-
duce this decomposition, that is, to transform
the sub-phosphate of lime (8CaO3PhO,) into
sulphate, and bi-phosphate, and the carbonate of
lime (CaOCO,) into sulphatc of lime, nsec a
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quantity of sulphuric acid, equivalent to the
lime contained in the bones, in excess of the
quantity which could form a bi-phosphate of
lime, that is, for 100 of powdered bones, 66 of
concentrated sulphuric acid, or rather the
equivalent = 100 in acid not concentrated,
and marking 50°.

The operation is effected in a tub lined with
lead. Pour, at first, twenty-five gallons of boil-
ing water, then forty pounds of acid at 50°, in
which you dilute by degrees, with a wooden spa-
tula, forty pounds of powdered bones.. An ef-
fervescence is produced by the disengagement
of carbonic acid gas. When the effervescence
has stopped, begin four times a similar opera-
tion; then you have in the tub, 160 pounds of
‘bones decomposed by 160 pounds of acid, at
'50°, The matter, while warm, must be stirred
from time to time to favor the reaction. Leave
21 hours, stirring occasionally ; leave it to rest
12 hours, and dccant the clear liquid by a
wooden tube, which leads it to the filters, and
then into the evaporating pans.

Wushing.—Dilute the first settlement with a
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quantity of water equal to the first; leave it
to settle, and use this liquid to pass it on five
or six other dcposits. By this way the wash-
ing liquors are saturated to 10 or 12° in the
fifth or sixth barrel, while the first is exhausted
by the successive additions of water. Take
out the deposit, and begin another operation.

This methodical washing can be substituted
by a methodical filtration, in barrels provided
each with a double bottom, and covered with a
cloth.

All the solutions being saturated enough,
. are concentrated to 24° and are put into
a leaden vessel, in which the sulphate of lime,
rendered insoluble by the concentration, is de-

posited.

" Decant the liquid, which runs through a
flannel filter to eliminate the sulphate of lime.
Evaporate till it marks 33°. Leave it to settle,
and decant anew.

Concentration— Mixing— Desiccation—~The fil-
tration being completed, evaporate to syrupy
consistence till the liquid marks 50°. This
syrup, mixed with 20 per cent. of its weight
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of finely powdered charcoal, is submitted to a
last evaporation till completely dry, in a cast-
iron kettle, heated brown red, and stirring all
the time.

The excess of sulphuric acid decomposed by
the carbon disengages a large quantity of sul-
phurous 2cid, and it is for this reason that the
operation must be performed under a chimney
with a good draught.

When the mixture is as dry as possible,
proceed to its decomposition at a red heat, so
as to have the carbon react on the phosphoric
acid which constitutes the phosphate acid. It
takes the oxygen from this acid, and permits
the phosphorus, set free, to pass to the distil-
lation.

Decomposition of the Mixture, and Distillation
of the Phosphorus.—This operation is effected
in earthen retorts, which are filled three-quar-
ters full. The retorts are inspécted, so as to
be sure that they are sound; they are covered
with a coating of argillaceous earth, they are
dricd slowly and completely, then placed on
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two ranks into a furnace, with a double vault,
as represented in the Fig. 2.

Fig. 2.

Each rank of five retorts is heated by a
hearth situated a little above and below the
hole A. The flame which extcnds under the
vault escapes by vent-holes, situated above
each retort. These vent-holes are gradually
larger, better to regularize the temperature,
The products of the combination engage under
a general vault D, which direct there towards
the central chimney. A lead basin o, put on
cast-iron plates, is used to concentrate a part
of the solutions; utilize the lost heat, and pre-
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vent the top of the furnace from becoming too
warm,

The beak of each of the retorts B is joined
to an adapter in copper K, which itself enters
into the beak of a receiver of copper E. These
two joints are carefully heated with a mixture
of hydrated lime mixed with blood, iron filings,
and powdered sulphur, or a mixture of dry
powdered clay and linseed oil forming a thick
paste.

The receiver presents a large aperture
through which the arm can easily pass, and
which is shut by a covercle % ; a little adjutage
g is left open for the disengagement of gases,
and another lateral adjutage f is used as a “too
full” Al the retorts being thus disposed,
brick up the front part of the oven C, under
the vault,‘then light the fire, that is gradually
raised for 12 hours, so as to avoid sudden
changes, which would break the retorts. Begin
to heat with coal, which, by its regular com-
bustion, and its less calorific power of equal
volume, decrease the chances of breaking the

retort; terminate it by using dry wood, the
3
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lower flame of which surrounds the retorts
- better. Keep up the temperature till all dis-
engagement of gases has stopped. At first, it
disengages air mixed with vapor of water, then
hydrogen and oxide of carbon produced by
the action of the charcoal on the water of the

- acid phosphate. Later, when the acid begins

to decompose, phosphuretted hydrogen is
~mixed with the oxide of carbon, and this gas
produces white vapors, which are sure signs
of the beginning of the production of phos-
phorus. The volume of the liquid now in.
creases in the receiver. Let a part run out by
the adjutage f, to avoid too great a pressure,
Raise the temperature, so as to sustain the dis.
engagement, and when it has completely
stopped, which is the case after three days and
two nights, the operation is completed.

If the beak of the recciver is not large
enough, it will fill towards the end of the ope-
ration, and it is necessary to clear it every
hour with a little bone spatula, being careful
to have the hand covered with a glove of cha-
mois skin, and well saturated with water. It
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is usual to press and immerse in water the
the first portions of phosphorus, which swim
to the surface, and which may take fire during
the operation. When the inside opening of
the tube K is clear, the arm and the aperture
. must be surrounded by a wet cloth, and the
tube g ought to be shut to prevent the entrance
of the air, which might cause a combustion of
that part of the phosphorus which is on the
surface. It often happens that the temperature
rises in thoe recciver, in which case it can be
cooled by pouring cold water into it, which is
taken out by the adjutago /. It is better to
fix under all tho reccivers a kind of gutter, as
indicated in the IYig. 2; then dispose in front
of the reccivers a tube #, which is adapted, at
will, to the cork of a supcrior reservoir, so
that by opening this cork the water is pro.
jected in a fine strcam by the tube ¢, on the
receivers, and cools them,
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6. PURIFICATION AND MOULDING, OR GRANU-
LATION OF PHOSPHORUS,

TWhen the distillation is completed, take
out the adapter K, and dip it into cold
water. Extract the phosphorus of each re-
cciver to clear it from the dirt it may con.
tain. Then filter it through a chamois skin;
for this purpose agglomerate it by melting it
under water at 140°; when solidified by cool-
ing, envelop it in & damp chamois skin, of
which make a little knot C (Fig. 3), which
is dipped immediately in a copper dish kept
in the middle of a recciver 4, full of water at
122°, 'When the fusion is complete, press the
little knot with a wooden dish DD, on which
you press with a lever @, G, so as to cause'a
very slowly graduated pressure. The melted
phosphorus passes through the skin, and re.
assecmbles liquid in the bottom of the vasis.

The operation of producing phosphorus is
more complete and less dangerous by filtering
it while warm on animal black. The black is
sprcad on a bed of about 5 inches on the false
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Fig. 3.
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bottom, pierced with holes B, B, of a cylin-
drical receiver 4 (Fig.4).

Fig. 4.

This receiver has previously been two-thirds
filled with water heated to 140° by the water-
bath C. The water covers the phosphorus; it
filters spontaneously through the black, passes
under the false bottom in D, and it can then
be run out by the faucet E, put in communi-
cation by a tube with another cylindrical re-
ceiver B (Fig. 5), terminated by two hemis-
pherical cups. This latter receiver, also heated
over a water-bath D, D, has a false bottom
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pierced with holes, and covered with a chamois
skin C, C. The receiver B being full of water,

open the faucet of communication E (Fig. 4),
adapted to the tube # (Fig. 5). The phospho-
rus displaces the water, and deposits on the
chamois skin. It is covered by a bed of wa-
ter A.

Then adapt the tube F' to a pump, with
which draw the hot water, and stamp it again
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in the receiver A. The pressure compels the
phosphorus to go through the chamois skin,
and it passes under the false bottom in E. Let
it run by the tube @, to which is adapted a
draught-tube, which conducts it under the
water of an inferior receiver.

We see that the operation is conducted
without danger, and with economy. The last
operation consists in moulding the phosphorus.
The process generally followed consists in
forcing it up tll}-ougb a tube, by aspirating the
air with the mouth, being careful to keep a
bed of water interspered between them. Shut
afterwards with the finger the upper end of
the tube, which is carried immediately in a
receiver full of cold water, where the phos-
phorus solidifies and contracts. It is extracted
in the form of cylindrical translucent sticks,

Another method of moulding it is indicated
by Fig. 6. The phosphorus is liquefied exactly
to its point of fusion over a water-bath 77, H,
in an elliptical or conical vasis 7/, in the bottom
of which is an elbowed tube, terminated by a
faucet J, soldered to the partition of a receiver
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L, L containing water. Into the socket of the
faucet a glass tube 3f, A/, the faucet being then
opened, the phosphorus runs into the tube

Fig. 6.

where it comes to within 1 or 1} inches of the
end, and solidifies. Shut with the finger or with
an obturator N, the end of the tube. Take it out
and dip it into a recciver full of cold water, so
as to extract the stick of phosphorus, when re-
place the tube, and repeat the same operation.
It is better to leave the tube 2/, 1/, fixed at
the end of the faucet, and attach to the cork
N a picce of copper rod. When the phos-
phoraus is solidified around that rod, draw the
cork which carries away the cylinder of phos-
phorus. The faucet staying open, the liquid
phosphorus continues to flow into the tube,



42 MATCHES,

and to solidify. Thus you obtain a length of
solid product limited only by the quantity
of matter, and which is cut at will into sticks
more or less long.

The same disposition renders the moulding
in form of grains very easy. It is sufficient
to pour on a shelf, at the surface of the cold
water, and to the height of the tube, a bed of
tepid water at about 104° and of a thickness
of two or three inches, which does not mix
with eold water on account of its density ; then
open moderately the faucet o/, so that the phos.
phorus can run drop by drop. It is easy to
understand that every drop in traversing the
cold mass solidifies, and then the phosphorus
collects in the form of grains at the bottom of
the receiver. This granular form is more con-
venient for weighing than the cylindrical.

In the above operation, a double furnace
containing ten retorts, produces 21 pounds of
phosphorus, The time of the full operation is
four days. With four of such furnaces, by
admitting 300 days’ work in the year, the pro-
duct will be 7200 pounds of phosphorus.
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Each retort costs from 50 to 60 cents, and
when of crucible earth costs 80 cents. They
are used but once, for the residuum is so hard
‘that it cannot be extracted without breaking
the retort. A chamois skin lasts only once,
for its pores being full of dirt the phosphorus
cannot filter through it.

The chances of breaking the retort dimi-
nish the production from 11 to 9 and even 8
per cent. of burnt bones.
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CHAPTER II
AMORPHOUS PHOSPHORUS,

I~ 1851, Dr. Schrotter made known the mode
of preparation on a large scale,and the properties
of this kind of phosphorus isomeric with the
white one.

PROPERTIES,

Amorphous phosphorus has a violaceous
brown-red color, opalescent, bard, easy to pul-
verize. Its specific gravity = 1.961 at the
temperature of 50°, whilst at the same temper-
ature the specific gravity of the ordinary phos-
phorus == 1.830. It becomes luminous at 392°,
is not inflammable in the air except if its tem-
perature is above 392°; and a remarkable
phenomenon is that it will burn under the
influence of direct solar rays at a temperaturo
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of 181°. Tt can be preserved in the air with-
out alteration, and sulphuret of carbon, ether,
naphtha, and alcohol cannot dissolve it. This
varicty, hardened by a prolonged heat, is more
resisting, and has that very remarkable pro-
perty of not being venenous, and of being in-
flamed in the air by rubbing in presence of
chlorate of potash. These two properties ex-
plain the utility of its application in the fabri-
cation of matches.

PREPARATION,

To obtain amorphous phosphorus according
to Schrotter’s process, the white phosphorus
must be kept in a close vessel at the tempera-
ture of 536° for from eight to twelve days,
heating it very gradually for two days, a little
above 464° to avoid the cbullition of the
phosphorus. Then heat by degrees up to 536°,
being careful not to excced this point, for
amorphous phosphorus will be reduced into
vapors, and form again the ordinary pkospho-
rus. These conditions are realized with three
concentric receivers of cast-iron, having the
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form of crucibles. The largest one constitut-
ing a water-bath, containing an alloy of equal
parts of lead and tin., The sccond wessel
dipped in this one contains powdered sand
forming a sand-bath, in which is placed the
third vessel, which last one contains the
phosphorus, and transmits the temperature re-
ccived by the intermediary of the two baths of
‘alloy and sand.

Schrotter placed in this third wvessel, a
china vessel, having a similar form, and this
latter reccives the phosphorus.

A cast-iron covercle is adapted to the third
vedsel; this covercle is maintained by a
screw, which presses strongly on the centre.
In all cases, the covercle of the third vessel
has a furrow in which is fitted the threaded
end of a copper tube curved as a syphon;
and of which the opposite end goes into a little
kettle containing mercury. This pipe is pro-
vided with a faucet to shut off the communi-
cation between the receiver and the mercury
when the operation is completed. During all
the time that, with the help of the two baths,
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the temperature is maintained at 536°, a little
lamp should be placed under the tube to keep
the temperature sufficiently high to liquefy the
phosphorus which can be carricd away by the
phosphuretted hydrogen gas, and will shut the
tube if not heated.

After gradually heating the double bath to
disengage the air and vapor of water, raise the
temperature till disengagement of vapors which
burn in the air. One or two hours after, raise
the temperature 392°, then to 464°, and at last
to 536°, and keep it at this point for ten days.

M. Coignet, of Lyons, has done away with
the bath. Ile heats the phosphorus directly
with the same care in a cast-iron vessel which
holds 400 pounds. Tive similar vessels,
holding together 2000 pounds of phosphorus,
or 4000 in one month can furnish enough for
the entire consumption of the United States at
the present time. After cooling, the phos-
phorus is found bardened. Itis then broken
with a hammer, and taken out, ground in a
mill with water, passed through a sieve, and
washed with sulphuret of carbon to dissolve
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the white phosphorus wkich has not been
‘transformed. '

Another method of separating the white
" phosphorus, consists in exposing the amgr-
phous phosphorus to damp air, when the white
phosphorus acidifies, and it is only necessary
to wash with water to dissolve the acid.

The surest and most economical method of
eliminating the white phosphorus is that fol.
lowed by Mr. Coignet. It consists in submit-
ting phosphorus to the action of & boiling
solution of caustic soda, which attacks and
dissolves the ordinary phosphorus, and forms
a soluble hypophosphite, and disengages phos-
phuretted hydrogen. The ebullition is then
continued, and the alkaline solution changes
until all fetid odor has disappeared. It is then
well-washed with water until all the soda is
removed.

After the operation, the amorphous phos-
phorus is dried, and used as we shall hereafter
indicate in the preparation of matches.
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Uses OF THE Two VARIETIES OF
PHoSPHORUS.

The principal uses of the two kinds of phos-
phorus consist in the manufacture of matches,
For this purpose the annual consumption in
France is about 72,000 pounds, while for all
other uses the consumption is not more than
1,000 pounds.
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CHAPTER IIL

SULPHUR,
Formula 8. Equivalent =='16,

PROPERTIES.

SULPHUR is a substance found abundantly
in pature, sometimes isolated, and somectimes
in combination with a great number of mectals,

Sulphur may be obtained in threo states.
A the ordinary temperature it is solid ; heated
above 232° it melts, and furnishes a very lim.
pid, canary-yellow fluid; hecated at 750° it
boils and distils. ,

Sulphur will crystallize at a low temperature
by dissolving it in a volatile liquid. The sul-
phuret of carbon is its best solvent.

Mclted sulphur is perfectly limpid, and of a
clear, yellow color. Further heated, its color
becomes -deeper, and it luses its fluidity., At
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820° it flows with difficulty, and its color be-
comes brown.

Sulphur burns with a bluish flame, giving
out the well-known suffocating smell which
needs no description. Sulphur combines with
oxygen in various proportions, two of which
are extensively used, the sulphurous and sul-
phuric acids.

Its fracture is light, its specific gravity ==
1.99, and its equivalent = 16.

It combines with all metals and metalloids
but nitrogen.

NATURAL STATE.

Sulphur is found native, and in combination
with iron, lead, mercury, antimony, copper,
and zine.

It is met also in many sulphurous waters
united with bydrogen, in several plants, and
a few animal matters.

EXTRACTION.

Sulphur found in the trade is generally pure
enough for the fabrication of matches.
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CHAPTER IV.

RED OCHRE—MINIUM—BI-OXIDE OF LEAD—
BI-OXIDE OF MANGANESE,

ReED OCHRE,

THE red ockre, or sesquioxide of iron, is violet
rcd, less easy to melt than iron, unalterable by
heat, without action on oxygen or the air.

The sulphuric and bydrochloric acids dis-
solve it easily.

It exists very abundantly in nature; it is
the sesquioxide of iron which colors the argi-
laceous earths. It can be obtained by different
processes: 1st. By calcining iron in contact
with the air; 2d. By decomposing the salts of
sesquioxide of iron by ammonia; 3d. By de-
composing the nitrate or carbonate of iron by
heat. The cheapest process is to decompose
the sulphate of sesyuivxide by heat.
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The sesquioxide of iron has several uses.
In the fabrication of matches it is employed to
color fancy matches. .

The yellow ochre, or sub-sulphate of iron, is a
natural product.

MiNtun,

Minium is an oxide of lead, pulverulent, yel-
lowish-red ; it is formed of two eq. protoxide
of lead, and one bi-oxide, and is represented by
2(PbO)PbO,.

It is prepared in the following manner :—

Calcine the lead in a reverberatory furnace
till converted into ycllow oxide; the mass is
well ground, and the powder submitted to the
action of a currcnt of water, which carries
away the oxide. Colleet it, and dry it, and in
this state it is called Massicor. Ilave ready
some sheet-iron vats, 4 to b inches deep, con-
taining 50 pounds of massicot, and put them
into the reverberatory furnace which has been
used to prepare the massicot, and leave them
over night. The oxide absorbs the oxygen,
and passes at the state of red oxide or minium.
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One fire is not suflicient, and the operation
must be repeated several times,
The more thoroughly the oxide is divided,
the more readily is it converted into minium,
As found in the trade, it is pure enough for
the fabrication of matches. It is employed to

color matches, and prepare the bi-oxide of
lead.

Br-oxive oF LEAD,

'This oxide has a flea color. Air and oxygen
have no action on it. Ilcat transforms it first
into minium, then into protoxide of lead.

Rubbed in a mortar with sulphur it takes
firc, and produces suiphurous acid and sul.
phuret of lead.  ITydrochlorie acid decomposes
it into water, chloring, and chloride of lead.

The bi-oxide of lead dves not exist in na.
ture. It is represented by 1'VO,

It is better for the manufacturer of matches
to prepare it himself], for it is rarcly found in
the trade, and generally it is not pure. It is
prepared by treating the minium with nitric

acid. For this purpose introduce 1 part of
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minium in a glass or earthen vessel, pour on
it 5 to 6 parts of nitric acid diluted with its
weight of water; raise the temperature by
degrees to cbullition, shaking from time to
timo, The minium ds decomposed ; it gives its
protoxide to the acid, and the bi-oxide is sct
frco, When the decomposition is achieved,
which docs not take more than half an hour,
fill the vessel with hot water, and let to-
scttle, the bi-oxide deposits. Decant the clear
liquor which contains the nitrato of lead, and
substituto for it puro warm water; dccant
ancw, and continue the same opcration until
tho wator has no taste. Colleet tho precipitate
on a filter, and dry it at a gentlo heat.

It can also bo prepared in the following
manner :—

Boil a solution of acctate of lead with an
excess of chloride of lime in solution. Wash
the precipitato on a filter to climinato tho salts,
and dry it at a gentle heat.

This oxide is now largely used in the prepa.
ration of matches.
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BINOXIDE OF MANGANESE,

The binoxide of manganese, such as found
in the trade, is pure enough; but it is better
to treat the commercial oxide by diluted hy-
drochloric acid until afl effervescence has
stopped. Let it scttle, dccant, and wash the
residue with warm water until this water has
no longer any taste. Collect tho oxide on a

"flter, and dry it,
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CIIAPTER V.,

SULPHIDE OF ANTIMONY — OXY-SULPHIDE OF
ANTIMONY—SULPHURIDE OF MERCURY (VER-
MILION)—CYANIDE OF LEAD, '

SULPHIDE OF ANTIMONY.
TH1S sulphide (per-sulphide) Sb,S, is orange -
yellow. Ileat decomposes it into sulphur and
proto-sulphide. IIydrochloric acid dissolves
it with disengagement of sulphydric acid and
precipitation of sulphur. It is obtained by
mixing a solution of perchloride of antimony
with tartaric acid, and passing a current of sul-
® phydric acid through it. The precipitate is
well washed, filtered, and dried at a gentle
heat.

OXY-SULPHIDES OF ANTIMONY.

When the sulphide of antimony is reduced
to powder, and roasted until it has lost its me-
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tallic brightness, then melted, it produces an
opalescent product with a vitrcous break. It
is a mixture of oxide and sulphide of antimony,
which takes the name of crocus or liver o/ anti-
mony, according to the proportion of sulphur
it contains.

The crocus contains } of its weight of sul-
phur, and the liver of antimony }. But as the
oxido and sulphide can combine together in
many proportions, it is evident that the com-
position of these two products must vary. The
first has a yecllowish-red, and the second a
brown and tarnish-red color.

SuLpPHOIDE OF MERCURY.

The sulphide of mercury (vermilion), as
found in the trade, is sufficiently pure for the
fabrication of matches.

The sulphide of mercury (IgS) sometimes
exhibits a red color, more beautiful than that
of sublimed cinnabar. Ilcat decomposes it
into sulphur and mercury. IIydrogen, carbon,
and many metals also decompose it. Nitric
acid and aqua regia rarely attack it. In the
fabrication of matches it is used for coloring.

-
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CYANIDE OF LEAD,

Cyanide of lead is obtained by adding a so-
lution of cyanide of potassium to a solution of
acctate of lead, and it forms a precipitate which
is washed by decantation. The precipitate is
then collected on a filter, and dried at a gentlo
heat.
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CIIAPTER VL

CHLORATE OF POTASH—NITRATE OF POTASH—
BICHROMATE OF POTASH—NITRATE OF LEAD. -

CHLORATE OF Porasm.

CHLORATE of potash (KOCIO,) is an anhy-
drous salt, which crystallizes it the form of
small spangles. They are. larger when the
crystallization is cffected slowly. It is much
more soluble in hot than in cold water.

100 parts water at 322 dissolve 3.33 parts cLlor. of potash.

“ “ [T Bl 5.60 “ “
“ “ 6730 6.03 “ «“
“« “ (e 8.44 “ u
“ “ 950 12,05 “ “
“ “ 12040 “ 18,96 «“ “
“ “ 16632 % 35.40 “ «
“ “ 22030 “  G0.24 ] “

Alcohol does not appreciably dissolve it.
Chlorate of potash fuses at 750°; at a higher
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temperature it parts with its oxygen, and is
ultimately reduced to chloride of potassium,
On ignited coals it deflagrates vividly. It is
one of the most active oxidizing agents, and
forms explosive mixtures with the majority of
combustible substances. Thus, an intimate
mixture of it with sulphur, produces a violent
detonation when placed on an anvil, and struck
with a hammer. Those mixtures should be
made with great care, and in small quantities
to avoid accidents.

The detonating mixtures, formed of chlorate
of potash, are much more powerful than the
corresponding mixtures made with nitre. Gun-
powder, much superior to that in ordinary use,
bas been made with chlorate of potash, but it
was excessively erplosive, and burst the fire-
arms in which it was used. Its preparation
and prescrvation being very dangerous, its
manufacture has been abandoned.

A mixture of chlorate of potash and sulphur
has also been used in the fabrication of per-
cussion caps for guns, but fulminating mercury
is now preferred.
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If a drop of concentrated sulphuric acid be
thrown on a mixture of sulphur and chlorate
- of potash, the sulphur takes fire. Advantage
- was taken of that property for producing fire,
and the process was generally followed until it
was superseded by the phosphoric matches. .

Commercial chlorate of potash is sufficiently

pure; but, before using it, the manufacturer
must dry it completely.

NITRATE oF PoTAsH.

Nitrate of potash (NO,KO), commonly known
in commerce by the name of nitre and saltpetre,
is a natural production.

It has a cool, slightly bitter taste; its den-
sity = 1.933. Subjccted to the action of heat
it melts at about 662°, forming a mobile liquid,
which congcals on cooling, with a vitreous
appearance. Ilcat decomposes it into nitrite of
potash.

It is more soluble in hot than in cold watcr.

100 parts water at 32° dissolve 13.32 parts nit. of potash.

“ “ Cd-d @ 29.00 “ . «
“ “ 1132« 7460 “ “
u “

20602.6 ¢ 236.00 o “
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Nitrate of potash is a powerful oxidizing
agent; thrown on ignited coals it fuses, in-
creasing the combustion of the coal at the
point of contact. A mixture of it with sulphur,
thrown into a heated crucible, produces a vivid
combustion with great evolution of light, and
forms sulphate of potash. It is one of the
componcnts of gunpowder. »

Nitrate of potash, before using, must be
perfectly dry.

BICHROMATE OF PoTrAsH,

Bichromate of potash K0O2(Cr,0,) has a very
intense red color; its taste is fresh, bitter, and
metallic; it crystallizes in large rectangular
tables, anhydrous, inalterable in the air, insol-
" uble in very concentrated alcohol, soluble in
ten times its weight of water at 68°. It de-
stroys vegetable and animal colors, It is suf-
ficiently pure as found in the trade.

NITRATE oF LEAD.

Nitrate of lead is prepared by dissolving
litharge or white lead, or metallic lead, in an
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excess of nitric acid, taking care in the latter
case to keep the acid in excess.

The hot solution, when saturated, deposits
on cooling regular octahedron crystals of ni-
trate of lead, which are somctimes transparent,
and somctimes opalescent, but in each case
anhydrous. The manufacturer of matches can
make it more easily when he prepares the bi-
oxide of lead, by evaporating the acid solution;
the nitrate of lead crystallizes on cooling. Cold
water dissolves only about } of its weight of
nitrate of lead, while it is much more soluble
in hot water. Crystals of nitrate of lead de-
crepitate on hot coals, and feed the combustion
like all the nitrates. Nitrate of lcad is decom-
posed by heat into hyponitric acid, which is
disengaged, and protoxide of lead which re-
mains. By boiling a solution of nitrate of lead
with the oxide or carbonate of lead, a liquid is
obtained, which deposits, on cooling, large
crystals of a basic nitrate (2PbO,NO+110).

A nitrate of lead, posscssing still higher
basic properties is obtained by treating the
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nitrate or bi-basic nitrate with ammonia, when
a white precipitate of the formula (4PbONO,
+3I10) is formed. A large excess of ammonia

decomposes this precipitate, and leaves hy-
drated oxide of lead.
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CHAPTER VIL
GUM~—GELATINE,

Gux.,

CERTAIN substances, as yet imperfectly un-
derstood, which issue from trees, are called
gums, Their elementary composition is the
same as that of amylaccous matter, but they
differ from it in several of their chemical pro-
perties, Gum may be divided into three spe-
cies,

1st. Qum arabic.

2d. Indigenous gum.

8d. Gum tragacanth.

Gum arabic issues in the form of a viscous
solution, from certain species of acacia, and
after some time the substance coagulates and
drics on the trce. Large quantities are im-
ported from Sencgal.

»
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Gum arabic is found in small round masses,
having a conchoidal and vitreous fracture, and
its taste is sweetish and nearly insipid. It dis-
solves into indefinite proportions in water, im-
parting to it a peculiar consistence called
gummy. It dissolves slowly in cold, and ra-
pidly in hot water.

The purest gum arabic has always a slightly
yellowish tinge; but it may be made perfectly
colorless by passing chlorine through a boiling
solution of gum, and drying the substance.

Gum tragacanth flows from certain vegetables
of the genus Astragalus, which are cultivated in
the eastern part of Europe. It exudes in the

*shape of a very thick gummy juice, which by
solidifying forms small contorted strips. This
gum is the mixture of several substances. The
essential principle of this gum is called bassorin;
it docs not dissolve in water, but it swells, and
is converted into a gelatinous substance. It
dissolves in alkalics. )

Nitric acid converts gums into mucic acid.
Gum in the fabrication of matches must be
used in fine powder.
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GELATIN,

Common glue answers the purpose in the
fabrication of matches; it is manufactured from
leather scraps, tendons, horns and hoofs of ani-
mals. When heated it mclts, and congeals on
cooling into a remarkably coherent mass, Cold
water merely softens and swells without dis-
solving it, while boiling water dissolves it, and
forms a viscid liquid which coagulates into a
more or less consistent jelly on cooling. Al-
cohol precipitates gelatin from its aqueous
solution. Prolonged ebullition with water
destroys gelatin, and it no longer coagulates.
When glue is used, it is better to soak it in
tepid water for 24 hours before dissolving it.
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CIIAPTER VIII,

COLORING MATTERS USED IN THE PREPARATION
OF MATCHES,

WE have already indicated two, the vermi-
lion and the minium, and we shall now men-
tion a few others extensively uscd.

PrussiAN BLUE.

To prepare it, dissolve in water some per-
sulphate of iron; pour into this solution a
suflicient quantity of yellow prussiate of potash.
It forms a blue precipitate; let it settle; decant
the clear liquid; wash the precipitate several
times with water; collect it on a filter, and
dry it. It is used to color blue.

CHROMATE OF LEAD

Is prepared by adding a filtered solution of
acetate of lead to a like solution of bichromate
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of potash, as long as a precipitate forms.
Wash it with water; collect on a filter, and
dry it at a gentle heate

It is employed to color yellow.

OTnER BLUE COLORS,

Instead of Prussian blue, the ultra.marine
and smalt can be used.

GREEN,

Employ the green of copper, or a mixture
of chrome yellow and Prussian blue.

VIOLET.

Use a mixture of Prussian blue and vermi.
lion,
Brack.

Use very divided lampblack.

WHITE,
Use a little white lead or chalk.

OTHER COLORS,

Several experimcm:s have been made of em-
ploying colors of coal tar, and have so far suc-
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cceded. As their coloring power is very
strong, very little is required to color large
quantities of paste. They are used dissolved
in alcohol. The powdered gum is colored
with it, and dried afterwards.*

YV ARNISH FOR MATCHES,

Some fancy matches are covered with a
light varnish, which is prepared by dissolving
black shellac in alcohol. The solution must
be very diluted, and is sufficient to give a
brilliancy to the matches.

The proportions are—

Black shellac, 1 1b.
Alcohol, 1 qt.

* For their preparation, see Treatise on the Preparation
of Coal-tar Colors. Published by II. C. Baird, Phila-
delphia. :






SECTION IL
" TABRICATION OF MATCITES,

CIIAPTER IX,
GENERAL REMARKS ON MATCHES,

Axoxa the propertics which characterize
sulphur, its inflammability at 482° explains
its earliest application in the fabrication of
matches, That fabrication has reccived from
chemistry various and important modifications,
which facilitate the means of obtaining fire
and light almost instantancously.

When, for the first time, a match could be
inflamed by dipping it in a bottle full of phos-
phoric mastic mixed with oxide of phosphorus,
the result was fine, but was far from those now
obtained. This primitive invention is duc to
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Cagniard de La Tour, and is the foundation of
“the actual industry of matches inflammable by
friction. '

The inflammation bccame more easy when
the end of each sulphuretted match was pro-
vided with a paste called oxzygcnated, formed of
powdered sulphur, 25; chlorate of potash, 30;
lycopodium, 2; cinnabar, 1}; agglomerated
by 5 or 6 parts of a solution, containing 4 of
gum arabic, and 3 of gum tragacanth. This
mixture once dricd, could be effectively in-
flamed when the end of the match, thus pre-
pared, was put into contact with asbestos im-
bibed with concentrated sulphuric acid. This
acid decomposcs the chlorate of potash; sets
free the chloric acid which is immediately
decomposed, and produces nascent oxygen
which burns the combustible substances.

The following process was an improvement :
Make a very thick solution with 50 parts of
gum, and add to it 20 parts of phosphorus,
which being mixed with 30 of chlorate of
potash, and 0.5 of Prussian blue, gave an ad-
besive paste. That paste, dried at the end of



GENERAL REMARKS ON MATCHES, 75

the matches, took fire by friction. All these
processes were very imperfect, and have been
much modified.

Now the fabrication of matches is carried on
* in considerable establishments, which occupy
several hundred men. It exists also in small
factories, worked only by a single family. But,
as generally those small factories do not work
regularly, all the operations here indicated are
done only in large establishments.*

The fabrication of matches is divided into a
series of operations which we shall enumerate
and describe rapidly in the following order:—

" 1. Fabrication of wooden matches.

2. Cutting and splitting of the wood.

8. Making of boxes.

% In Germany there are very important manufacturers
of matches, such as those of Mr. Romer, at Vienna, Lery,
at Prague, Furtz, at Shuttenhofer. According to Mr.
Peligot, Mr. Furtz manufactures yearly 600,000 cases of
matches. He employs 400 men, and uses 800 pounds of
phosphorus. The establishment of Messrs. Preschell and
Pollack, at Vienna, is also very important, and well or-
ganized.
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4. Laying in press the body of the matches.

6. Dipping into the sulphur.

6. Drying.

7. Taking down the presses.

8. Putting up into packages and boxes,

9. Preparation of the paste.

The first three operations are a special fabri-
cation, gencrally done outside of the match
factory, and it cmploys ncarly as many men
as all the other operations together.

The last six operations are carried on in the
factory, and if the establishment is not consid-
erable enough to have separate buildings for
cach one, all the hands are nccessarily placed
under the same hygicnic conditions; but in a
well organized establishment there are separate
buildings for cvery opcration.
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CHAPTER X.

OPERATIONS FOLLOWED IN THE FABRICATION
OF MATCUES,

Tne wood of the white poplar (Populus tre-
mula and P, alba) is generally used to prepare
- wooden matches. Birch wood is more costly,
and less casy to split; the matches it produces
burn longer. Pine wood is very good for the
preparation of cylindrical matches.

The first opcration consists in drying the
chunks of wood, in an oven, situated above a
baker’s furnace. The oven ought to be heated
to 428°, When the greater part of the water
has cscaped in the form of stcam, shut off all
communication with the air, and lecave tho
wood in it for 12 or 24 hours, opcn thc ovul,
and begin another operation,

The dried chunks are cut into stumps from
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2} to 8} inches long, according to the size of

‘the matclics, These cylinders are split square,
then, with a knife, they are cut in the direction
of the ligneous fibre, in shelves parallel to one
of the sizes; cutting them in a perpendicular
direction to the first section, all the shelves are
subdivided in prisms, which adhere to cach
other if the knife stops at a few lines above
the bearer; when the matches are to be isolated,
the knife cuts the block in all its length.

It will interest the reader to know the ap-
paratus used in Germany to manufacture
wooden cylindrical matches. To prepare the
wood, a plane is employed, the blade of which
is represented below.

Fig. 7.
3 R S

.

This little tool is very simple. The iron of
the plane cousists of a little quadrangular and
flat bar of stcel. The bar is a little curved at
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one of its ends, which is filed, and has in it
three cylindrical holes which are pierced with
a drill, and which, being filed, become the
punch which penetrates into the wood, and
converts it into little cylindrical sticks. This
.iron is fixed into an ordinary plane.
‘ The wood used is pine, without knots, in
picces from 2 feet 2 inches to 2 feet & inches
long. The piece of wood, fixed on a table, is
smoothed with an ordinary plane; every time
the man planes, he draws from this picce of
wood, thus prepared, three sticks the length of
the wood. One man can produce every minute
180 sticks, then each stick giving 14 matches,
he makes every hour 151,200 matches, or
1,512,000 in a day of ten hours. Thesc sticks
are fixed in bundles ready to be cut, and are
tied together with strings convenicntly placed.
When the large sticks are tied up they are
cut with a knife, having the extremity of the
blade moving around an axis. This operation
is very rapid.
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2. LAYING IN PRESS.-

The pieces of wood which are to form the .
matches are brought into the factory in pack-
ages of 1500 to 2000; they are distributed to
the hands who set them in the presses. They
dispose a large number (300 to 1000) in a
wooden frame, in which they are fixed in such
a way as to be dipped at once into the chemical
mastic. This operation occupies the most
hands in the factory.

When the work is well divided, the number
of hands employed in that operation would be
equal to about the #* of the total number
of persons employed in the factory.

%* This can be judged according to the personnel of some
factories in Paris. At Mr, Morillon’s, where 3 or 4 women
are sufficient to dismount the presses, there are 150 em-
ployed to fill them. At Mr. Malbec’s, they employ
150 fillers; 35 who dismount and fill the bLoxes, a
dipper to the sulphur, one to the mastic, a grinder for
the mastic, and a foreman. At Mr. Delacourcelle’s, on
50 men, there are 44 fillers, 4 dismounters, 1 dipper,
and 1 foreman. ‘
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This operation is done in the following man:
ner: Each woman takes into her hand a cer-
tain number of pieces of wood, and spreads
them rapidly on a shelf with notches, disposed
in such a manner that each notch receives one
body. The shelf being full, with the other
hand, she takes another shelf similar to the
above, and covers the first one. A second, a
third, etc. shelves are placed in the following
- manner until the frame is full. When the frame
contains 15, 20, and even 25 superposed shelves,
they are fastened and fixed together with
SCrews.

In Germany, where the fabrication of matches
is the most advanced, thoy operate in the same
manner, and it is the quickest process for the
sulphuration. Mr. Peligot has ascertained that
by this process a woman can fix in one day
200,000 matches.

In a well constructed factory, the above
operation can be conducted, without in any
way endangering the health of the operator.

6
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8. SULPHURATION OR DIPPING IN THE
SuLPHUR.

The presses being filled, and laid up, are
brought by women or children into the room
intended for the dipping. The dipper takes
the frame with both hands, and dips the ends
of the bodies into sulphur melted in a square
iron kettle, about 2 inches deep, with a flat
bottom.

The sulphur must be at the temperature of
462°, and is kept at this point by a gentle
heat, which can be limited by adding to it,
from time to time, a picce of solid sulphur,
Two flat kettles can also be used on the same
fire, the first receives the solid sulphur, and
when liquefied, it runs into the second. To
be certain that the temperature does not raise
above 482°, it is preferable to use a bath of
boikiag chloride of zinc.

4. DIPPING INTO THE CHEMICAL MASTIC.

The dipping of sulphuretted matches into
the ckgmical mastic is alwaysdone in the same
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room as the sulphuration, and the two dippers
work side by side. When the matches have
been covered with sulphur at their extremity,
the dipper deposits the presses on the floor
near the other dipper, who takes them to com-
plete their preparation by dipping the sul-
phuretted end into the chemical mastic. This
operation is done in the same manner as the
above, except that instead of a hollow kettle,
a marble table is used, on which is spread a bed
a quarter of an inch thick, of chemical mastic,
half liquid. When the matches of one press
have been dipped, the bed of mastic is smoothed
again with a kind of trowel. He dips a second
press, and so on throughout.

Tn Germany stone tables are used. In Paris,
Mr. Malbec has adopted the use of a kind of
trough, with a flat, copper bottom, square, and
about 1} inch deep; it is placed on a stone
table. When we come to speak of-the question
of explosions in factories, it will be seen that
it is not a matter of entire indifference what
disposition is made for dipping, and that it is
an advantage to use Mr. Malbec’s apparatus.
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5. DrRYING OF MATCHES.

Matches, saturated with the chemical mastic,
are placed in the oven to dry. The presses
arc fixed on an open shelf where they will dry
freely. The thcrmometer is used nowhere to
graduate the temperature, so that the desic-
cation is operated more or less quickly. Gen-
erally the presses are left in the oven 24 hours.
Hereafter we shall speak of imperfections in
the disposition of the oven.

6. DISMOUNTING OF THE PRESSES—PUTTING
UP IN PACKAGES AND BOXES,

When the matches are thoroughly dried,
the presses are carried to the women who have
charge of the dismounting of them; they undo
. the frames, empty the shelves, and collect the
matches in bundles. This operation is done
quickly, and in many manufactories, the
persons who dismount .the presses are the
same who make up the packages and fill the
boxes. The sequel of this work will show the
importance of having the matches put up into
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boxes immediately after they are taken from
the press. In many establishments matches
are put up into packages of 1000 or 1500, and
surrounded with paper. It is an imperfect
method.,
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CHAPTER XL
FRICTION MATCHES WITHOUT NOISE.

WE give below several usual compositions
of phosphoric mastic for ordinary matches.

Paste with Paste with Matches withe

Glue. Gam, out Sulphur.

Phosphorus . . . 2.5 parts 2.5 3.

Glue . . . . « 2 orgum 2.5 2.5
Water . . . « . 45 3.0 3.0
FineSand . . . 20 2.0 2.0
RedOchre . . . 0.5 0.5 0.0
Vermilion, or

Prussian Blue. . 0.1 0.1 0.1 to 0.5

Chlorate of Potash ., “ 3.0

Mr. Boetiger has given the two following
compositions now in use:—

I 1L
Phosphorus . . . 4 parts 9 parts
Nitrate of Potach . 10 ¢ 14 «

Minium . . . . 3 *“ or Binox. Mangan. 14 ¢
Glage . . . . . 6 “ orGum . 16 «
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If glue is used, break it into small pieces;
macerate it three hours in cold water, and after.
wards melt it in a copper kettle, A, heated over
a water bath, B (Fig. 8). When the glue is

Fig. 8,

fluid, and at 212°, take the kettle out, and put
it in the circular aperturc of a table, & (Fig.
9), which will hold it firmly. Add to it by de.
grees the phosphorus, which melts immediately, .
and must always be covered by the aqueous
liquid. Begin to stir, in turning the mass,
with a wooden scovel covered with hair.
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Stir all the time till cold, so as to have a '
well divided emulsion of phosphorus. Then
incorporate the sand and the coloring matter.

Fig. 9.

This mixture is kept fluid by putting the dish
which contdins it over a sand bath, heated to
about 97°, Spread that pasto, with the help
of a rule, over a marble or cast iron table,
which is kept warm by means of a water bath
placed under it. Renew that paste by succes-
sive additions every time you impregnate the
matches.

When gum is used, the operation on the
table must be performed while cold, in which



FRICTION MATCHES WITHOUT NOISE. 89

case the gum is dissolved beforehand in water,
g0 as to have a convenient provision. This
solution thus prepared is used and weighed
according to the different formule.

Put the gummy solution into the copper
kettle (Fig. 8); heat it to 212° over a water
bath; take out the kettle, fix it on the table
(Fig. 9); put the phosphorus into it by degrees.
It stays in the bottom A’. Beat well in emul-
sion till cold. This operation lasts about 13}
hour for 7 pounds of phosphorus.

That paste is used like the glue, with the
- exception that the table is kept cold.

When the matches have been saturated with
the paste, the frames are put vertically, 8o as
to dry in the air.

After two or three hours, carry the frames
and place them in tho oven. When glue is
used, the desiccation is completed in one or two
hours; with gum it requires 24 hours. This
last preparation is the most costly.

The oven must be of incombustible materials,
heated gradually and regularly by pipes dis-
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posed in the surrounding earth. Steam or
water heated by a boiler outside circulates in
these pipes.

To avoid baving a general conflagration, in

case of fire, separate the upright posts which
support the frames by vertical plates of sheet
iron. :
It is desirable to keep on the floor a bed of
sand, 4 to 5 inches thick, to avoid setting fire
to the matches in walking on them, or when
they are on fire, that they may be covered im-
mediately.

When the desiccation is completed, withdraw
the frames, and carry them into a room in
which they are dismounted. The women who
perform that operation must always have near
them boxes full of sawdust, into which to dip
the matches which may accidentally take fire.

In some of the following chapters we shall
treat of the different precautions to be taken
to avoid fire, and to prevent the accumulation
of vapors in the rooms.
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CHAPTER XII.
MATCHES WITHOUT SULPHUR.

To manufacture such matches the wood is
prepared like other matches, only it should
be very dry, particularly at the end of the
operation.

When the matches have stayed in the frame, }
they are laid on cast iron plates, and heated
to the point to acquire at their extremity
a slightly brown color; these same ends,
being very dry, are put, for a few seconds
only, on the flat bottom of a dish, covered with
from } to } an inch of stearic acid, melted by
a water bath. A small quantity of the grease
is absorbed by the wood, and ascends through
the fibre. The end of the match is covered
as usual with the phosphorous paste thus
formed: —
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Phosphorus e e o o 3 parts
G um L] L] L] . L] L] o. 5 “
Water . . . . . 3 “

sand L ] .o L] L3 L] L] 2 “
BioxideofLead . . . . 2 “
Coloring Matter . . . . 05 «

The stearic acid can be substituted by par-
afline, spermaceti, wax, etc.

Matches with stearic acid produce light and
fire more rapidly when wanted, the grease
and the wood burning simultaneously, whilst
with sulphuretted matches it is necessary to
wait till all the sulphur has burned superficially
before the wood begins to inflame. These
Jast matches in burning exhale a disagreeable
odor, whilst the former give a very slight
smell of stearic candles.

There is but a trifling difference in the cost,
for ten times as much sulphur is required as
stearic acid. Indeed 1 pound of stearic acid
costs at the most 27 cents, an? 10 pounds of
refined sulphur cost about the same. This
improvement is of real importance.

We have examined the matches called Dia-
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mond State Parlor Matches, prepared by
Messrs. Swift and Courtney, Wilmington, Del.

They are prepared as the above without any
coloring matter, and they are, in our opinion,
far superior to the German matches.

Mr. James R. Dey, 66 Cortland St, N. Y.,
prepares also the diamond matches, and the
water-proof Vienna and Strella match, which
realize as much as the German matches, and
are of superior quality.

The matches we have indicated in the pre-
paration above are colored blue, red, yellow,
or green by adding 0.5 of the coloring matter
in the mixture, and they are rendered water-
proof and shining by coating them with the
varnish of which we have indicated the com-
position; but in our opinion, the diamond
matches owe their superiority to this fact, that
they do not receive any coating of varnish,
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CHAPTER XIII
CANDLE MATCHES,

Ta18 kind of matches, invented by Messrs,
Savaresse and Merckel in 1836, and improved
in 1849, is prepared with a machine similar to
a weaving loom, carrying a chain disposed for
the weaving. Every wick of the match is
composed of pieces of cotton, not twisted, and
represents one thread of the chain, and 100 or
200 of these wicks rolled on a cylinder, and
separated by a comb; pass through a bath of
melted wax; they are drawn in a drawing
frame which renders the wax smooth, cylin-
drical, and adhering around the wicks. A
mechanical knife cuts, at one time, all the
wicks according to the determined length, from
1 to 1} inch. The end of each match has
the wax taken off, and ‘the paste applied to it,
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80 at a time. They are dried and put into
boxes.

These candle matches are ignited by friction.
They give immediately a fine light, which lasts
one or two minutes, that is, four or ~ight times
as long as the wooden matches.

The phosphoric mastic ought to be easily
inflammable; for the cotton and the wax
not having the solidity of the wooden matches,
cannot resist powerful friction as well.

The paste is thus formed :—

Ordinary Phosphorus . . . . . 12 parts
Gum . . . . . . . T
Sulphuret of Antimony . . ) . 3 &
Minium

Nitric Acid .
Vermilion . . . o« . . . . 01 ¢«

35 ) '
21}56 or bi-ox. lead .36

We shall say but a few words of the tinder
and paper match. A large sheet of tinder is
cut into small squares, and at the end of each
square is applied a little of the phosphoric
mastic. To light them they arc inflamed on a
rubber prepared of paste-board, on which is
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applied a coating of glue and powdered glass,
or emery. ’

The paper match consists of filtering paper,
which has been macerated two or thrce hours
in a solution of nitre, and when perfectly dried,
it is cut into small bands, which are doubled,
and at the end of each is applied some phos-
phoric mastic.
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CHAPTER XIV.

MATCHES OF AMORPHOUS POOSPHORUS,

THESE new matches can be prepared with
gum or glue. In the first case, dispose before-
hand a mixture of cqual parts of gum arabice
and water, 8o as to lxai(e a viscous solution.

In 2 ounces of that solution mix 1} ounce
of finely divided chlorate of potash, add the
same quantity of powdered amorphous phos-
phorus, and 6} drachms of powdered glass.
This mixture is spread on a hollow marble
about 13} to 2 inches thick, so as to form a
coating about 1 inch thick, which is kept at
the same height, by adding some of the paste
from time to time. Dip into it the end of the
matches, which should have been sulphuretted
beforehand.

If instead of gum you use gelatin, which ad-

7
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heres more strongly, and resists atmospherie
influences better, take nice white gelatin, and let
it macerate from two to four hours in twice its
weight of water, and afterwards dissolve it
over a water-bath heated to 122° for about 20
minutes. To 75 parts of that solution, add -
40 parts of chlorate of potash in powder, 40
parts of amorphous phosphorus, and 20 parts
of powdered glass. The mixture is spread on
a marble, the temperature of which is kept at

105° by steam produeed by a water-bath.
~ Pour it on to the sulphuretted end of the match,
and dry as usual.*

Some of tkese matches take fire only on being

struck on a particular kind of rubber. Their
paste is thus prepared :—

Amorphous Phosphorns . . . . 6 parts
Sulphuret of Antimony . .« . . 2to3 «
Glue . . . . . . . . 1 paﬂ.

# Amorphous phosj)homs costing two dollars a pound,
instead of ninety cents, the price of the ordinary phos-
phorus, renders these matches a little more costly, but
they are not dangerous nor venomous.
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The rubber is prepared by laying over one
side of a paste-board the following compo-
sition :—

Amorphous Phosphorus . . « 10 parts
Binox. Manganese, or Sulph, Antimony . 8 “
Glue . e e e e « 3to8 ¢

All those compositions must be well mixed,
carefully avoiding pulverizing the chlorate of
potash with the combustible substances.
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CHAPTER XV.
MATCHES AND RUBBERS WITHOUT PHOSPHORUS,

WE give below the different compositions
used to prepare these matches :—

Chlorate of Potash . R 3

Oxy-sulphuret of Antimony . § « “ « u o«
Binoxide of Lead . . . 3

Gum . . . . .2 g« 2«
Water . . . .. 8B 4 8

Sulphar . . . T 3 - “ o«
Cyanideof Lead . . .U w 2

Glass . . . . o U « “ o 3 «
Bichromateof Potash . . ® « &« « 2 «

The following is very good :—

Chlorate of Potash o e . .« .« 28} parts
Glwe . . .. < ¢ & . . b}«

Bichromate of Potash . .
Nitrateof Lead . . . . . . 2}
Powdered Glass . . . o e . 10§ «
Sulphar e e . . . . . 8 «

.
.
.
w
3
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These compositions applied to different kinds
of wooden matches, take fire when they are
rubbed on the ordinary rubbers, made with
powdered sand, or glass and glue,

There are some other kinds which require a
particular rubber:—

Composition for the Match. Composition for the Rubber.
Chlorate of Potash, 7} parts. Chlorate of Potash, 6 parts.
Nitrate of Lead, 2} parts. 8lags, 1 part.

Bichrom. of Potash, 2} parts. Emery, 1 part.

Sulphur, 1} part. Minium, 1 part.
Gum, 6} parts. Glue, q. 8.
Water, 18 parts. '

The glue must lie in sufficient quantity to
make a paste which will adhere to wood, etc.

Some new matches without phosphorus, in-
flammable by rubbing on a small grate, are
made now by dividing into two parts the paste
prepared in the following proportions :—

Chlorate of Potash . . . . .« 5 parts
Bichromate of Potash « e . . . 2 @
Powdered Glass . . . . o . b ¢
Gum . . . . e e e .15 s
Water . . . . . . . . 6 ¢
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The first three substances are powdered to-
gether, and mixed afterwards with the gum
previously dissolved in water. Half of this
compound, diluted with a solution sufficiently
adhesive, is used to cover the tubbing surface
by adding to it 0.2 of its weight of emery.

If to the above mixture 0.8 of red sulphur-
etted antimony is added, you can make matches
which will ignite by rubbing them on any
polished or rough surface.
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CHAPTER XVL
NEW MATCHES CALLED SAFETY MATCHES,

LATELY new matches have been prepared
by Messrs. Vaudaux and Poignon, which are
free from white phosphorus, are without dan-
ger of poisoning, and diminish the chances of
fire. The following is the composition of the
chemical mastic:— |

Chlorate of Potash . . . . « 90 parts
Bichromate of Potash . . . . 45 ¢
Binoxideof Lead . = . . . . . 25 ¢
Minium . . . . . . . o 20 «

Oxy-sulphuret of Antimony . . . . 20
Sulphuret of Antimony . .« e . S R
Glass . . . . . . . o« 1H 0w

Prussiate of Potash . . . . . b

All these substances, reduced to fine powder,
are mixed together by adding to them 15 parts
of gum previously dissolved in 53 of water.
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It is sufficient to saturate the end of the
match, and dry it as usual.

These matches take fire with more difficulty
than the matches with white phosphorus, and
- are not so dangerous, particularly in the bands
of children.

The following composition is better, for it
will not ignite without the usc of a special
rubber:—

Chlorate of Potash . . o . . . 26parts
Binoxide of Lead or Manganese -

Bichromate of Potash . . . . .
Cyanide of Lead . . . . . .
Oxy-sulphuret of Antimony . . .
Glass . . . . . . . .

[ 1]

[13

w888

These substances are mixed together with a
solution of 6 of gum in 20 of water. A paste
is made, into which the sulphuretted end of
the match is dipped.

The special rubber is prepared with pow-
dered sulphuret of antimony, mixed with a
hot solution of glue, and spread on a piece of
paste-board.

Mr. Bombes has invented a new match
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which he calls androgyne, prepared in the fol-
lowing manner:— » '

The wood is cut into little cubic blocks,
containing 300 or 400 matches not separated;
they are sulphuretted as usual, and the sul-
phuretted ends are dipped into a paste com-
posed of :—

Chlorate of Potash . . . . o « 2parts
Charcoal . . . . . . . « 1part
Terra Umbra . . . . . . « 1 u

These three substances are pulverized sepa-
rately, and then mixed with a viscous solu-
tion of glue kept warm, during the dipping,
with a water-bath. When they are dried, or
rather before the dipping, saturate the face of
the block, which reunite the matches with a
paste of amorphous phosphorus diluted in a
solution of warm gluc; and it is not until after
this operation that the matches are separated.

To ignite onc of these matches, break it into
two unequal pieces, having in one hand the
shorter piece; bear up the end covered with
the chlorate paste on the end, saturated with
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the phosphoretted plastering; rab, A little
deflagration takes place, the sulphuretted end
takes fire immediately, and communicates it
to the wood.

Below we give the report of Mr. Chevreul
on that kind of match. This report was read
before the Academy of Science of Paris.

EXAMINATION OF THE ANDROGYNE SAFETY
MATCHES. .

The matches of the Brothers Coignet are-
essentially formed : 1st, of a paste of chlorate
of potash, sulphuret of antimony, and a gluti.
nous substance applied to the sulphuretted end
of the match; 2d, a rubler or grate covered
with a thin coating of glutinous matter and
amorphous phosphorus reudered rough by
powdered glass.

A light friction of the priming of the match
against the rubber is sufficient to ignite the
match.,

The androgyne match differs only from the
hygienic match in this, that the amorphous
phosphorus has been applied to the end of the
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match, which is not sulphuretted, instead of on
a special rubber, It has then this advantage,
that the match carries with it all that is re-
quisite in producing the fire. Indeed, it is
sufficient to rub one part of the match against
the other.

The androgyne match, for hygiene, presents
the same advantage in its use as the match of
Coignet ; and, it seems preferable to it as it is,
in not necessitating the use of a separate rub-
ber, which is important, as it has been remarked
that a box of Coignet's contains more matches
than can be ignited on the rubber annexed to
the box, because the phosphorus of this rubber
is much injured before all the matches are used.

Yor hygicnic reasons, they both have a real
advantage over the matches of white phospho-
rus, the use of which is not desirable in any
matches intended for domestic purposes.

ExAMINATION OF MR. CANOUIL'S MATCHES
WITHOUT PHOSPHORUS AND PoISON,

The matches prepared by Mr. Canouil are
not deleterious, and have the advantage of
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those of Coignet of containing neither white
nor amorphous phosphorus.

The substances employed by Mr. Canouil are
‘principally the chlorate of potash, the sulphuret
of antimony, minium or another metallic oxide,
gum, dextrine, or gelatine. This composition
is similar to that of Coignet, but the substance
applied on the rubber of Mr. Canouil’s contains
no red phosphorus nor dcliquescent matter,
and keeps as long as it adheres to the rubber.

The matches of Mr. Canouil require a rub-
ber, but the rubbing must be stronger than
is necessary with those of Mr. Coignet with
amorphous phiosphorus, and it is an unquestion-
able fact that children cannot light the matches
of Mr. Canouil, while they can do so easily

-those of Mr. Coignet and the Androgyne.
The amorphous phosphorus is prepared with-
out danger to the health of the workmen, and
the rubber, as prepared now, can be used to
light a quantity of matches double that con-
tained in the box.
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CONCLUSIONS,

1st. For hygiene ‘the androgyne matches
bhave over ordinary matches the advantage of
the matches of Mr. Coignet, of which the active
and chemical principle of the rubber is the
amorphous phosphorus.

2d. The matches without phosphorus or
poison are without danger to the workmen
employed in making them, and are good in
use. We recommend their use,
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CHAPTER XVII.

' VARIOUS FORMULZX.

)
" Take—

Gum Arabic . . 16 parts.
Phosphorus . . 9 «
Nitre A
Vermilion or binox.

Manganese . . 16 «
Water . . . Q.8

IL
Take—
Glue « « . 6parts,
Phosphorus . . 4 «
Nitre . . . 10 «
Minium . . . b «
Smat , ., , 2 «
Water . . . q.s
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o
Take—
Phosphorus .
Glue .« .
Red Lead .

Nitre = . .

1v.
Take—
Gum Arabio .
Phosphorus R
Gelatine . .
Chlorate of Potash

v.

17 parts
21 [13
24 ¢
38 [

7 parts,

Put 4 parts of phosphorus into a wide
mouthed phial, with enough oil of turpentine
to cover it; add 1 part of flowers of sulphur
and put the phial in hot water until the phos-
phorus is melted, then cork and shake until
cold, when any supernatant spirit of turpentine
must be poured off. Into this pulpy mass the
extremities of the matches are dipped, and
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when dry, they are dipped again into the fol-
lowing mixture :—

Gum Arabic . . 8 parts.
Chlorate of Potash , 2 ¢
Soot, Lampblack, Ver-
milion . . . 1part.
Dry cautiously.

All these formule can be varied indefinitely,
but we would recommend the above as the
best and the surest.
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CHAPTER XVIIL

DANGERS-—ACCIDENTS~—DISEASES IN THE
FABRICATION,

THE enumeration alone of the accidents
which take place in the fabrication of matches,
their transport, or their domestic use would
require 4 volume. We shall direct attention
only to the causes to which those accidents
can be assigned, and we shall give but a few
examples,

1. FIREs.

The danger of fire is the one which earliest
occupied public attention on the appearance
of this new branch of industry; and these
fears have not been chimerical, for in every
country dreadful examples have justified the

distrust of the people, and rigorous measures
8
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have been taken by the several governments,
- and their fabrication bhas even been prohibited
in some countries.

The English papers bave given accounts of
a violent fire which took place in London, in
a manufactory of matches in Widegate Street,
several houses were burnt, and seven persons
lost their lives,

Explosions.—The explosion of the chemical
mastic, before its application to the match, can
present accidents as dreadful as the above, but
happily they are now rare, thanks to the im.
provements which have been introduced in the
process of fabrication.

~ In the beginning of the preparation of fric-
tion matches, the sulphur used to be melted
with the phosphorus. This was the cause of
violent explosions; not only the two bodies
in contact combined to form sulphide of
phosphorus, but the water is decomposed, and
forms different gaseous products, which give
place to dreadful explosions. This was, pro-
bably, the cause of the destruction of a factory
near Paris; a violent explosion took place in
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the room where the dippers were working, the
tables were broken to pieces, and the wall fell
down.

The danger of the introduction of flowers of
sulphur into the vessels in which the phos.
phorus is dissolved, struck Mr. Chevalier so
forcibly, that he proposcd, as late as 1840, to
prohibit the manufacturing of matches with
sulphide of phosphorus.

Not only the mixture of sulphur with phos-
phorus, but also the mixture of phosphorus
with chlorate of potash, before the perfect
division of these two substances in the gluti-
nous solution, have been the cause of dangerous
cexplosions, before the manufacturers dissolved
those two bodies separately.

The imprudence of the men who work the
mastic has been the cause of many accidents.
Thus, when the dipper leaves the mastic to
run, spread, and dry around the table he works
on, the least friction will break the table to
pieces. A drop of the mastic falling on the

kettle of the dipper to the sulphur also pro-
duces violent explosions.
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2. ACCIDENTS DURING THE TRANSPORT oF
MAaTcHES,

Friction matches give rise to accidents, not
20 grave as the above, it is trae ; but their num.
“bers are incalculable. To give a just idea of
the number of accidents, and the fear of them,
it is sufficient to say, that in Europe insurance
companies refuse to insure express companics
which carry matches.

Fire takes place very often in packages or
boxes, contained in large boxes or barrels sent
by freight, without communicating fire to
other packages. Several manufacturers have
given us a proof of it, by throwing on the floor
packages of matches suzrounded by a strong
paper; we heard a crepitation indicating that
the matches were taking firc, the paper was
slightly burned, but, however, the flame was
not visible outside. The want of air was the
only obstacle to the combustion.

Sometimes the explosion of the mastic which
surrounds the heads is so violent that, notwith-
standing the thickest envelops, the flames pass
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through. Once, at Marseilles, the movement of
a wagon containing 700 packages of matches,
in passing up a high street, was cause sufficient
for igniting the matches, which was accom-
panied by a strong explosion. ‘

Similar accidents have occurred on railroads.
Once, on the railroad from Vienna to Brunn, a
car containing 12 barrels of matches took fire
and was burned with two other cars. The loss
was estimated at about $15,000.

8. ACCIDENTS OCCASIONED IN THE ORDINARY
USE OoF MATCHES,

There are few persons who have not wit-
nessed some accidents occasioned by the ex-
plosion of a box or bundles of matches. These
accidents are often without importance, but
sometimes they have serious effects.

The examples of burns, particularly in the
face, produced by the explosion of a match
and the projection of a fragment of the incan.
descent mass, were very frequent a few years
ago. Several cases were recorded, in which
the eycsight was lost by this cause. Happily,
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since the great improvement introduced in
this fabrication, these accidents are rare.

Children have been repeatedly the vic-
tims of their inexperience in the handling of
matches. Without speaking of light burns,
which we have often observed, we have secen
accidents serious enough to produce decath.

The too great sensibility of matches is the
principal cause of these last accidents, the same
that their too great explosibility is the ordinary
cause of the burns in the face and cyes. This
sensibility is such, that we have seen packages
of matches take fire in the hands without
knowing how it happens,

Burns produced by matches do not present
any particularity.

4. DISEASES PRODUCED IN THE FABRICATION.*

By examining the accidents which destroyed
the health of the workmen; by inquiring which

* Poisox BY PunospHORUS.—A correspondent of the Eve-
ning Post describes the case of a young girl, engaged in a
friction match factory in New York, who having a tooth
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are, in the fabrication of matches, the particular
conditions capable of exercising a deleterious
influence on the economy, we are led to attach
the greatest importance to the emanation of
the vapors containing phosphorus, which con-
tinually exhale, with a variable abundance,
in all the rooms in which the mastic is worked,
or matches are present already saturated with
mastic.

It is necessary to examine the two following
questions, viz:— '

oxtracted, was poisoned Ly the fumes of phosphorus which
entered the cavity. Disease called necrosis was induced,
which extended to either side of the jaw-bone, points of
discharge soon appearing upon the surface of the skin.
This went on for two years, minor operations being made
at times, to take away diseased portions of bone. At the
end of these two years it was found necessary to resort
to an extreme operation, and it was completed on Sunday,
Mareh 19th, at St. Vincent’s Hospital. The entire jaw-
bone, from side to side, was removed, and the tongue
fastened down to prevent suffocation, until such times as
the part should heal. This young girl is now terribly
deformed, can take only liquids hereafter for subsistence
—all the beaunty of life destroyed to her. Twelve such
cases have occurred within the last few years.
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1st. Which are those parts of the work which
expose the workmen to the phosphoric ema-
nations ?

2d. What are the nature and chemical com-
position of these emanations ?

Operations which expose to the Phosphorous
Emanations.—We have seen that all the
wooden work, tho making of boxes are gene-
rally completed outside of the factory. The
operators are consequently strangers to the
questions of hygiene and pathology, and as
they occupy about half of the men employed
in this fabrication, it results that half of the
total number are out of the conditions of insa-
Jubrity of this kind of manufacture.

Inside of tbe factory, by allowing separate
rooms for every operation, five-sixths of the
men escape the influence of the noxious vapors.
Thus, the filling of the presses, which takes
four-fifths of the women, can be made in special
rooms. ‘

We have now to examine the room in which
the mastio is made, the one in which they dip,
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the oven, and at last, the dismounting of the
presses, and the packing or boxing.

The atmosphere of these rooms is more or
less intensely altered by the vapors proceeding
either from the paste intended for the dipping,
or by the packs of matches already saturated
with the chemical mastic.

The grinding of the substances, and the pre-
paration of the mastic do not require a con-
tinual attendance. One man can work it; be-
sides, these operations are done in the open air,
and it isabout the same for the oven, near which
the men do not remain. It is not the same
for the dipping shop, and principally the rooms
occupied by the women who dismount the
presses, and those who box or pack the
matches. '

A stranger, who enters this part of the fac-
tory, is struck by the emanations which exhale.
The air is often thick, principally in the room
where the presses are dismounted, and if he
remains for some time, he begins to cough.
After a certain time, the system becomes ac-
customed to that partioular atmosphere; and
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nearly all the women cough only during damp
weather, and principally when the air is not
renewed, the vapors accumulating, and be-
coming too thick.

Nature and Composition of the Vapors which
exhale in the Manufacture of Matches.—The air
of the rooms has not been analyzed yet, and
theory alone can guide us. If we examine one
after the other, each of the substances which
enter in the composition of the mastic, if we
put aside the sulphur which plays no part, we
find phosphorus alone which can change the
atmosphere. We have demonstrated (Chap. 1.)
the facility with which phosphorus absorbs the
oxygen of the air. At the ordinary tempera-
ture, the action of the air, principally damp,
on phosphorus is very appreciable. If the air
isdry and the temperature low, the action is but
slightly perceptible; but, if damp, we sce the
phosphorus immediately surrounded by a light
white cloud. These vapors are called Aypo-
- phosphoric acid,

In aerated water exposed to the light, phos-
phorus gives phosphorous acid, and hydrogen
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proto-phosphuretted, produced by the decom-
position of water, and there is not the least
doubt that in the rooms some phosphuretted
hydrogen is mixed with the hypophosphoric
acid.

Another interesting question is, to know if
phosphorus itself exists in a gaseous state in
the atmosphere of the factory. Some chemists
admit its existence. M. P. Thenard does not
believe that the slow combustion of the phos-
phorus in the air is perfect, and he thinks that
there is much vapor carried away at the state
of phosphorus. The following facts demon-
strate this theory: 1st. If a piece of phosphos
rus is introduced for a few minutes into ni-
trogen, hydrogen, carbonic acid, ete,, then taken
out, and a little air introduced into the gas, it
becomes luminous in obscurity ; 2d. If we sus-
pend to a thread a picce of phosphorus, and
we introduce it into a bottle and leave. it in
for a few minutes, the bottle stays luminous
for some time, while containing a large quantity
of oxygen. Thus phosphorus, while cold, emits
vapors in gases, and this vapor is not instanta.
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neously burned by the air. It is very pro-
bable that in the factories the workmen breathe
vapor of phosphorus mixed with hypophos-
phoric acid.

Let us examine now briefly the effects of

. these emanations on the health of the men.

The diseases are, 1st, more or less aggravated
inflammation of the bronchie; 2d, altcrations of
the teeth and maxillary boues, ete.

1st. Bronchitis—Coughing is the most fre-
quent pathological phenomenon in the shops,
but it is rare that the inflammation becomes
great.

2d. Diseases of the Jaws.~It is not long since
this disease has appeared amongst the men
working in match factories. Dr. Strohl has
pointed out in the followmg terms, the causes
of this disease:—

“The vapors of phosphorus are transformed
by its contact with oxygen into hypophos-
phori¢ acid, and this acid mixed with the air
is dissolved in the saliva, and forms phosphoric
acid. Often this latter acid is produced by
the combustion of the phosphorus, for it some-
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times occurs that the vessel in which the mass is
heated, takes fire. This substance renders the
saliva acid. We know the dissolving action of
this acid ; the gums are softened by the saliva,
the liquid acid attacks the tecth, filters between
them and the soft parts, reaches as far as the
alveolus, and there exercises its dissolving and
corroding action, ,

This theory has not been admitted by all
physicians, for the reason that if the theory
were correct it would seem that the teeth
would be invariably in a bad state, and it has
been observed that in the same room, while
onc man has all his teeth destroyed, another
working near him has them in perfect order.

It would be interesting and important, as
well for science as on the score of humanity, to
discover and point out the real causes of theso
diseases, and the proper mode of treating and
curing them,
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CHAPTER XIX,
BEFORMS IN THE FABRICATION OF MATCHES,

THESE measures of reform (unhappily those
measures have not been taken yet in factories
in this country) embrace, not only all the parts
of the fabrication of matches, but also the cart-
~ age and the sale of these products. Their object
is to prevent all accidents, and to look to the
maintaining of the salubrityof the factories. Wo
shall divide this matter under three heads:—

1st. The fabrication.
2d. The transport and sale.
8d. The salubrity of the shops.

1. FABRICATION.

1st. Preparation of the Mustic—Notwith-
standing the progress made in the fabrication
of the mastic, it is important to require two
capital precautions which bave been indicated
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by Mr. Payen. The first consists in completely
excluding the sulphur from the substances
which enter into the composition of this mastic.
The second consists in always dividing the
phosphorus while alone, and mix it with the
other substances when they are perfectly
ground, and that the mixture is conveniently
cooled. The precautions to be taken, we have
indicated.

After taking measures against the too great
explosibility of the mastic, it would be useful to
provide against its too great semsibility. Mr.
Malbec has invented an apparatus for deter-
mining with precision the degree of sensibility
of the paste. This apparatus consists in a
vessel convenicutly disposed, and containing
mercury, heated over a water bath, at about
186°, It is at this temperature that the paste
ought to be tried. Saturate with it the end of
a match, and dip it into the mercury; if it
takes fire, it is a sign that it is too sensible ;
then increase the quantity of the substances,
the object of which is to divide the molecules
of phosphorus.
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CHAPTER XX,
CONSTRUCTION OF THE FACTORY.

THE complete separation of the rooms is the
essential point in the construction of a match
factory. It is not only an indispensable con-
dition, in order to give to the shops the dispo-
sitions necessary for the health of the men, bus
it is also an important precaution against fire
and explosions.

It is necessary, not only to establish a scpa-
rate shop for each operation, but also to adopt
certain rules in the position of each shop, its
construction, etc. etc. This will be better un-
derstood by the following diagram, which in-
dicates all the dispositions to be taken to
decrease the dangers and inconveniences of
this fabrication.

1st. The grinding of tbe substances, and the
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preparation of the mastic must be done in a little
apartment F, composed of a single room on
the first floor, and isolated all round.

Fig. 10.
» -
D E
c
B L J
B A B

2d. The sulphuration and the dipping into the
mastic are done together in a room @, equally
isolated, longer than the above. The roof will
be half open all the time: for the escape of the
vapors, and that the air may be continually
renewed.
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8d. The oven occupies a building D, also
isolated. All the materials of this room are of
iron, and it must always have passing through
it a current of dry air.

4th, Laying and taking down of the I’resses;
Boxing.—The most important rooms are those
of the laying of the presses, taking down, and
the boxing. These three operations occupy
many hands. The first operation not exposing
the operatives to the phosphorous emanations,
it is only necessary to keep them separate.
The two other being very noxious, the shop
must be in the most advantageous condition. A
building alone, E, is disposed in the following
manner :—

This building has two stories, and is isolated.
In the first floor the presses are laid. The up-
per part has no communication with the room
below, but presents-a single room, and the
roof is pierced with several windows, which
are opened at will to let the noxious vapors
escape.

The store rooms, halitation buildings arc iso-
lated, as represented in 2/, The form and di-
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mensions of this building may be arranged
according to the taste of the manufacturer.

By following the above dispositions, great
advantage will be realized ; and, if to them we
add the construction of a wall B, about 6 feet
high, surrounding all the buildings, we see
that match factories will be relieved of the in-
conveniences of being near to a public thorough-
fare.

We are certain that this plan will present
but little difficulty in its realization, and we
hope that hygienists will be satisfied with its
disposition.

The fabrication of matches, though com.
menced several years since, is still in its in-
fancy.

Unhappily the savants have attached but
little importance to this kind of manufacture,
and it is only since the learned report of Mr.
Chevreul that scientific bodies have given
their attention to it. Let us hope that, before
long, a match will be discovered, having all
the properties of ordinary matches without
their inconveniences.






'SECTION 1L

GUN COTTON.

CHAPTER XXI.

HISTORY—XYLOIDINE AND PYROXYLINE—~—PRO-
PERTIES AND COMPOSITION.

HisTORY.

IN the course of 1833, a well known French
chemist, Braconnot, baving dissolved starch
and some other organic matters in nitric acid,
obtained by precipitating the dissolution by
water, a new substance that he called Xyloidine,
This substance was remarkable for its quick
inflammability, but it did not fulminate with as
much energy as gun cotton, and it left a residue
of charcoal. |

Five years after the publication of the re-
searches of Braconnot, Mr. Pelouze, in an in.



136 GUN COTTON,

teresting paper, announced the discovery of a
more simple and economical process to obtain
the Xyloidine. This process consisted in sub-
stituting for the dissolution of the starch, the
pure and simplq impregnation of the paper,
cotton, flax, etc. by concentrated nitric acid.
Besides, Mr. Pelouze announced to the Acad-
emy of Sciences, that Xyloidine resulted from
the union of the elements of nitric acid with
those of starch, and explained by this decom-
position, the excessive combustibility that he
found in this substance.

We shall see, hereafter, if it was really the
Xyloidine of Braconnot that Pelouze obtained.

For eight years the researches of the above
chemists seem to have been forgotten, when in
September, 1840, a great stir was made con-
cerning a new discovery of Mr. Schoenbein, a
Swiss chemist, who announced the transform-
ation of the cotton into an explosive substance
of a power superior to that of ordinary pow-
der. Mr. Dumas was informed of this inven-
tion by a letter from the author, who appeared
anxious to keep his process secret. DBut the



HISTORY. 137

opinion of Mr. Dumas was, that this invention
was connected, without doubt, with the history
of the Xyloidine of Braconnot and Pelouze.
From that time, chemists made extensive re-
searches upon this subject. Different recipes
for preparing the jfulminating cotton or gun
cotton were published in Germany. In October
of tho same ycar, Mr. Dumas communicated to
the Academy of Sciences the processes of
Messrs. Otto, Dr. Knopp, Dr. Bley, ete. It re-
sulted from the experiment of those chemists,
that fuming nitric acid had the property of
rendering explosive not only cotton, but also
shavings and sawdust.

As we sce, the German recipes were nothing
more than Pelouze’s process to prepare the
Xyloidine. This latter chemist had only to
prepare cotton and paper, as he had done eight
years before, and introduce 1} grain of this
matter into a pistol, to obtain an explosive
effect, such, that a board 9 inches thick was
pierced by a bullet, at a distance of 76 feet.
Other essays made by MM. Prelat, Secquier,
Lassaigne, etc., with different fire-arms, have
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left no doubt on the ballistic properties of the
nitric paper.

- Two important questions were to be resolved,
one purely scientific, the other practical. Was
the explosive product obtained by Pelouze and
the German chemists, the Xyloidine of Bracon-
not? 1Was this product susceptible of being
substituted for the ordinary powder?

Nobody had thought to put the first question,
and Messrs. Flores Demonte, and Menard seem
to be the first who have considered the difference
between the Xyloidine of Braconnot and the
cellulose treated by nitric acid. As for Mr.
Pelouze, who, with several other chemists, had
not suspected the difference between the two
products, he soon ascertained that ligneous
substances take a larger quantity of nitric acid
than starch; and he declared a short time after
that the products were different in their pro-
perties and composition; that is the reason
why this chemist proposed to call pyrozyle or
pyroxyline the product of the action of nitric
acid on cotton, paper, and other ligneous mat-
ter. He demonstrated in the following terms
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the difference between this product and the
Xyloidine of Braconnot, obtained by precipi-
tating with water the nitric dissolution of starch .
and ligneous matters :—

“The Xyloidine,” says Mr. Pelouze, “is very
soluble in nitric acid, and this dissolution is
destroyed in twelve hours, the substance of
Braconnot being then transformed into ‘a deli-
quescent acid.”

“The pyroxyline is insoluble even in an ex-
cess of nitric acid; it can remain in for several
days without disappearing, and without losing
any of its weight. The Xyloidine, while very
inflammable and detonating by a shock, leaves,
when heated in a retort, a residue of charcoal.”

“The pyroxyline, heated at 847° to 366°,
burns with violence, and its distillation in a
retort is impossible.”

“The Xyloidine has been analyzed with
oxide of copper, as other organic substances,
only the quantity of oxide of copper was in-
creased.”

“Pyroxyline, in the same circumstances,
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bursts all the tubes, even by operating on very
small quantities.”

Such are the properties. As for the com-
position of the two substances, Mr. Pelouze
adds: “I have concluded from my analysis,
that the Xyloidine can be represented by one
equivalent of starch, which has lost one equiv-
alent of water, and gained one equivalent of
nitric acid.”

To obtain the formula of the pyroxyline, Mr.
Pelouze has chosen a specimen of cotton and
paper, leaving very little ashes by incineration.
Ie dried them at 248°, and submitted them to
the action of the mono-hydrated nitric acid, or
a mixture of this acid and concentrated sul.
phuric acid.

In ten experiments, which have lasted from
10 minutes to 48 hours, the increase in weight
has been the same, and ranges between 68 and
70 per ccot. of the dry matter.

Admitting that the nitric cellulose is the
only product which results from the pro-
ceding reaction, the calcul indicates that it
ought to result from the combination of two
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~ equivalents of mono-hydrated nitric acid, with
one equivalent of cellulose, less one equivalent
of water; and it has for its formula
C,.H,0,2N0,110
or without hypothesis
Cpll, 0,N,

The composition corresponds to the fullow-

ing numbers :—

Carbon . . . . . . 26.66
Hydrogen . . . . . o 3.70

Oxygen . . . . .« . 5923
Nitmgen . . . . ) . 10.36
100.00

The formula of the Xyloidine, deduced from
the analysis, gives the following numbers:—

Carbon . . . . . . 34.80
Hydrogen . . . . . 4,34
Oxygen . . . . . . 64.09
Nitrogen . . . . . . 677

S———

100,00

From the above, obtained, if not by direct
analysis, at least by indiroct means apparently
unexceptionably, it results that wheu the amy-
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laccous and ligneous matters lose their solid
state, and pass, one at the ordinary temperature,
the other at a higher temperature, in disso-
lution in concentrated nitric acid, the compound
or compounds which result from the action of
water in such dissolutions, essentially differ
from the composition and propertics of those
which result from a simple impregnation of the
ccllulose.

Since the researches of Mr. Pelouze, the
chemical study of pyroxyline has made great
progress. Messrs. Fordos and Gelis, in the
combustion of pyroxyline, have announced
the formation of bi-oxide of nitrogen and a
cyauic compound. Mr. Dumas, in a learned
paper, has announced the formation of several
other products. Ie speaks thus: “Until now,
the analysis of the fulminating cotton has not
been made, some are engaged on it, and may
be exposed to useless dangers, This analysis
is casily made by using the apparatus of
Messrs. Gay Lussac and Thenard, which they
employed fifty ycars ago.”

“The combustion tube, being heated by an
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alcohol lamp, at from 392 to 5729, little par-
cels of gun cotton thrown into it burn quickly
without any danger.

“It disengaged vapor of water, carbonic acid,

oxide of carbon, nitrous vapors in large quan-
tities, and bi-oxide of nitrogen. The raw gas
contains enough inflammable products to burn
when a candle is near by. The color of the
flame indicates compounds of the cyanogen.”
- It is in this paper that Mr. Dumas has indi-
cated the way to obtain a fulminating product
with chlorate of potash. Cotton impregnated
with this salt gives a fulminating product
superior to the nitric cotton.

On the occasion of the reading of this paper,
Mr. Pelouze differed from Mr. Dumas, in re-
gard to the effects that the gaseous products
produce on fire-arms, of which we shall speak
hereafter.

This historical notice is sufficient for the
present, only we shall state some facts an-
nounced by Messrs. Peligot and DPouillet.
They bave made many experiments on the
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products of the combustion of gun cotton
placed in the same conditions as gun powder.

Mr. Peligot has analyzed gun cotton, dried
in vacuum, at the ordinary temperature, and
found the following results.

12Carbon . . . 22.8 Carbon

7 )
9 Hyd . . 9
yeirogen : } 25.6 Water
9 Osygen . . . 12

3 Nitric Acid . . 162 51.6 Nitric Acid
Thus, by representing by
cl!“loolo
the composition of the cotton, we see that in
contact with nitric acid, it lost one cquivalent
of water, and takes three equivalents of nitric
acid.
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CIHAPTER XXIL

FABRICATION OF GUN COTTON—NITRIC PAPER—
PYROXAM—PROPERTIES,

GuUN cotton and nitric paper, according to
the analysis of Messrs. Pelouze, Payen, and
Poinsot, can be considered as formed of two
equivalents of cellulose which bave lost three
equivalents of water by combining with five
equivalents of nitric acid, constituting a double
compound :— ~
C,,11,0,3N0,

C,,1,0,102N0,
Pyroxyle C,,Il,,(_),.,?;i():—

This compound, as we have seen, can be
completely transformed into a gas at the tem-
perature which inflames it, that is, from 347°
to 356°; the oxygen of the acid burning all
the carbon of the organic matter. It forms in

10
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volume, 46 of oxide of carbon, 2 of carbonic
acid, 10 of nitrogen, and 34 of vapor of water.*
Some more complex and variable products are
probably generated, but in all cases it does not
deposit carbon or acid in the guns when the
raw material is pure cotton, when the acids
employed are perfectly free from foreign mat-
ters, and when the product has been purified
of all free acids by washings.

Pure gun cotton is insoluble in water, alco-
hol, ether; soluble in the latter with the addition
of a few hundredths of alcohol, soluble in weak
proportions (} to 2 per cent.) of acctic cther,
Five times more soluble when prepared with
nitric acid containing nitrous acid.t In this
last case, the cotton ismore or less disaggregated,
and more slowly combustible. Gun cotton

#* Mr. Combes has avoided the formation of oxide of
carbon, a deleterious gas, and substituted it by carbonic
acid, by adding to the pyroxyle the eight-tenths of its
weight of chlorate of potash.

»,; t This acid is prepared by passing nitrous acid gas
into the mixture until the total weight has increased
from 1} to 2 per cent.
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has some other properties which possess but
little interest, but it is important to observe
that under the same denomination of pyroxyle
or pyroxyline they confound products with very
different properties of explosibility, while con-
taining the same elementary principles in equal
proportions; and a remarkable thing is that
those which explode at the lower temperature,
present the weakest ballistic power, and have
the most destructive action on fire-arms, by
the vapor of hyponitric acid they generate.
The causes of these great differences exist
in the diffcrent degrees of cohesion of the or-
ganic substances employed. Thus, the cotton
having a uniform cohesion, offering the maxi-
mum of surface to the action of the acid for the
propagation of combustion, gives, when pure,
the best product—the only one it is safe to use
for fire-arms. The cotton from old cloth, old
hemp, linen, and paper, which offer the most
variation in their thickness, and in the altera- -
tion of the fibre which composes it, are some-
times inflammable at a lower temperature.
Thus the thick nitric paper, newly prepared,
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and being a little acid after the washing, deto-
" pates at 212° It is the product which has
burst the most fire.arms, and sent the projec-
tile the shortest distance, for the reason that
its decomposition begins in the gun at a lower 4
temperature, disengages at first vapors of hy-
ponitric acid, and sometimes terminates imme-
diately.

The pyroxam (nitric starch), moreinflammable
from 203° to 212° is so instable when com-
pletely saturated with nitric acid, that it is
spontaneously decomposed at the ordinary
temperature, giving abundant nitrous vapors,
and even producing a detonation.

The pyroxam alters more rapidly in damp
air, the disengagement of the gases raiscs the
mass which becomes pasty, then syrupy, and
gradually more acid and soluble in water;
when dried it is not explosive, and dissolves
in large proportions in anhydrous alcohol.

The different pyroxylic products are so
much less stable, that they contain an excess
of acid, on account of an insufficient washing.

Thus, the maximum of instability is met in
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the product (nitric starch) of which the organic
basis has the least cohesion, and of which the
aggregation is the most irregular, and each
concentric bed of all the granules possesses
several degrees of cohesion; indeed, the nitric
starch, dissolves in its weight of acetic ether,
and reduces by evaporation into diaphanous
lamella, the cohesion of which is homogeneous.
It is stable in the air, and docs not inflame at
212°, The same ether dissolves only y35 of
its weight of nitric paper.

The preparation of nitric cotton is very sim-
ple, but requires many precautions, principally
if the operation is with large quantities.

Prepare beforehand, in order to have it
cold, a mixture of mono-hydrated nitric acid,
1 equivalent, 63, with 1 equivalent of concen-
trated sulphuric acid, 49. The liquid ought
to present a sufficient volume to immerse in it
all the cotton. If a certain quantity of the
cotton impregnated with acid is left out of the
mixture, the combination heats the fibre to the
~ point of decomposing the nitric acid, and dis-
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engages nitrous vapors dangerous to breathe.
It will even occasion a deflagration.

After 15 or 20 minutes, withdraw the cot-
ton, press it well between glass, and wash
it in a large excess of water. Press it and
wash it in new water until it is no longer acid,
to be sure of which, wash it with a very weak
solution of carbonate of soda, and terminate
by a washing with pure cold water. DPress
the cotton well and dry it. This cotton can
bo used immediately to load fire-arms; but it
is better after a few days. One hundred parts
produced from 170 to 175 parts of pyroxyle.

The preparation of the paper is the same as
the cotton; but requires more care to avoid
- spoiling the sheets.

" To obtain the pyromam (nitric starch), the
composition of which is similar to that of the
cotton, dry the starch in vacuum at 257°, to
evaporate the hydratation.water. Leave the
‘fecula to dry in a cool and dry place; dilute it
in fiftcen times its weight of the mixturc of
. nitric and sulphuric acid. Lcavo to stand for
‘six hours; wash it in an excess of water, and
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dry in a current of air at 104°. The pyroxyle
can be decomposed, 8o as to sct free the cellu-
lose with all its chemical properties by the fol-
lowing process: Dip the pyroxyle in a concen-
trated boiling solution of chloride of iron. The
dcoxidizing action of this compound takes off
the oxygen from the nitric acid, disengages
hyponitric acid, and the cotton is covered with
rust. This incrustation is taken up by diluted
hydrochloric acid, and the ccliulosc is regene-
rated with all its primitive propertics.

In the chapter on the application of gun
cotton, we shall give another process of prepa-

* ration,
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CITIAPTER XXIIIL

BALLISTIC PROPERTIES OF GUN COTTON AND
NITRIC PAPER.

THE first essays tried by Messrs. Pelouze
and Prelat, and those of Lassaigne have proved,
without any contest, the remarkable energy
of the new powder; but in thcse essays, the
“ballistic pendulum had not been used, and the
substance employed was principally nitric
paper. Messrs. Seguier and Clerget by using
this paper have established the superiority of
this new agent over hunting powder, and it
has been admitted that at equal weight its
force is about four times greater than that of
the ordinary gunpowder. Soon this propor-
tion was substituted by that of one to three,
result of experiments made with the ballistic
pendulum, and communicated by M. Arago.
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However, the committee of artillery, esta-
blished in France, was unfavorable to the new
powder. Messrs. Piobert and Morin named
inconveniences, which, in reality, were due
only to defcctive process of preparation, such as
the residues of water and charcoal; and those
two savants came to the conclusion that this
singular substance did not seem proper to
substitute for gunpowder.

The discussion was animated on both sides,
and in a communication made to the Academy
of Sciences, Mr. Piobert insisted on the bursting
properties of gun cotton, which he looks upon as
a spring of dangers, and a cause of inferiority,
relatively to gunpowder, in the use of fire-arms,
He speaks of two proof mortars of cast iron,
broken by small proportions of pyroxyline.
On the other hand, Messrs, Seguier and Clerget,
continuing their experiments, announced the
following results:—
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STANDARD.— Ballistic effects of a charge of
common hunling powder,

Distance, 45 feet.

Load, 6 grains.

Target, cast-iron plate.

Effcct, flattened half of the bullet.

1sT COMPARATIVE Essay.
. Load of gun cotton, 6 grains.

Eftcet, dissemination of the bullet in lead
spangles,

2p Essay.

Load, 3 grains.

Effect, flattcning - the bullet into the form
of a sun to } of its original dia-
meter.

8D Essay.

Load, 1 grain.

Effect, similar to the standard shot with
6 grains of ordinary powder.

We see, that with } of gun cotton, tho
results are the same as with ordinary gun-
powder.

Struck by the inconveniences, and the
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dreadful examples indicated by Mr. Piobert,
Seguier tried if it could not be possible to
avoid the effects of a too instantaneous pro-
duction of gas. In his researches, he tried the
experiments of Mr. Piobert himself, who ought
to have known that in working a mass of
powder into a spheroid form, the slowness of
the combustion follows a certain law, and is in
proportion to the diameter of the sphere.

It is this delay in the deflagration which
suggested to Mr. Seguier the idea of studying
the influcnce of the bringing together of the
fibres of the gun cotton, on the duration of the
combustion of this cotton in firc-arms, and con-
sequently the difference of its ballistic effects.
Having taken for a standard the ballistic
results of one grain of cotton, given above, he
loaded successively the gun, with the same
weight of a kind of lint, procecding from tissues
of cotton of different thicknesses of threads,
1Ie ascertained that this lint furnished ballistic
cffects superior to cotton. Besides, he ascer-
tained that the superiority of the cffccts was
morc marked with the barrel of a musket, 2
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feet long, than with that of a pistol 9 inches
long.

Numerous experiments have been made,
but much is still left unachieved on this sub-
ject. Mr. Payen has demonstrated that the
mode of preparation of the pyroxyline has
a great influence on the ballistic propertics of
the effects obtained. - Mr. Morin has tried with
the ballistic pendulum two products of the
same cotton, one prepared with pure sulphuric
and nitric acids in the proportion of cqual
equivalents, the other with the same mixture
containing gaseous hyponitric acid.

The following table indicates the great dif-
ference in the properties of the two products:—

Loaps.
A e,
l].’n} grs. | 31 grs.

53 ., [ Parecottonand!
E’g‘ 5 pure acids 234 yds.(356 yds.
822 | Vapors of the { 113 yds.
2.2 w0 : - _
=% 2 ] mixture 78 yds.
€33
= .2 | Acildscontaining
P2 2 | byponitric acid | ... 0 The bullet

did not pass

iout of the
icannon,
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Thirty-one grains of pyroxyle prepared on
a large scale, with cotton and ordinary acid,
give to a bullet a mean velocity of 342 yards.

Such are the results of experiments made .
carefully by competent men. It is to be
desired that this subject should be more fully
investigated. ,

The following vicws touching it are from
the anniversary address of the President of the
Royal Society of Great Britain, for this year
(1864), and are certainly entitled to respect
and consideration.

“The advantages which are claimed for gun
cotton over gunpowder for ordnance purposes
and mining operations are so many and so im-
portant as to call for the fullest investigation.
The absence of smoke and the entire frecdom
from the fouling of the gun, are points of great
moment in promoting the rapidity of fire and
the accuracy of aim of guns employed- in case-
mates, or in the between-decks of ships of war.
To these we must add the innocuous character
of the products of combustion in comparison
with those of gunpowder, and the far inferior
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heat imparted to the gun itself by repeated and
rapid discharges. With equal projectile effocts,
the weight of the charge of gun cotton is but
one-third of that of gunpowder; the recoil is
stated to be reduced in the proportion of 2 to
8, and the length of the gun itsclf to admit of -
a diminution of nearly onc-third, Theso con-
clusions are based on the evidence of long and
apparently very carcfully conducted courses of
experiments in the imperial factory in the
necighborhood of Vienna, The results appear
to be especially deserving the attention of those
who are engaged in the important problems of
facilitating the employment of guns of large
calibre and of great projectile force in tho
broadsides of our line-of-battle-ships, and in
reducing, as far as may be possible, the ports.
When the material was first introduced by
Schoenbein, in 1816, its distinctive qualitics
in comparison with gunpowder were recog-
nized. To the employment of gun cotton, as
then known, there was, however, a fatal draw-
back in its liability to spontancous combustion.
The claborate experiments of the Austrian
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Genceral Von Lenk have shown that this lia-
bility was due to imperfection in its prepara.
tion, and ceascs altogether when suitgble pro-
cesses are adopted in its manufacture. Perfect
gun cotton is a definito chemical compound;
and certain processes for the removal of all
extrancous matter and of every trace of free
acid are absolutely indispensable. But, when
thus propared, it appears to be no longer liable
to spontancous combustion: it can be trans-
ported with perfect sceurity, or be stored for
any length of time without danger of deterio-
ration. It is not impaired by damp, and may
be submerged without injury, its original qual-
ities returning unchanged on its being dried
in the open air, and at ordinary temperatures,

“ A scarcely less important point towards the
utilization of gun cotton, and the safety with
which it may be employed in gunnery, is the
power of modifying and regulating its explo-
sive energy at pleasure, by means of variations
in the mechanical structure of the cartridge,
and in the relative size of the chamber in which
it is fired.”
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CHAPTER XXIV.

USES OF GUN COTTON IN MINING OPERATIONS—

PYROTECHNIC EFFECTS—GENERAL APPLICA-
TION.

Ir the appreciation of the ballistic effects of
the pyroxyle is yet in doubt, it i3 not the case
as to its power and advantages under some
other circumstances, principally in the blasting
of rocks. The first experiments were made
by Messrs. Combes and Flandin, mining engi-
neers.

These experiments were made in a quarry
of coarse calcary. A horizontal hole one foot
deep was driven into the rock. The hole was
driven in such a way that the rock was free
on two faces, the upper and lower. The hole
was 2 feet 4 inches below the upper face.
They introduced into it 1} ounce of gun cotton,



GENERAL APPLICATIONS, 161

which, after being packed, left an empty space
2 feet long. It was lighted; the explosion
took place with very little noise, and without
any projection. An appreciable time elapsed
between the time that the match inflamed
the cotton, and that when the mass was raised
a little by dividing itself into pieces of } to
of a cubic yard. The mass thus blasted and
divided above the hole extended 2 yards, at
least, from the lower face, 3 yards at the left,
and 1} yard from the right of the axis of the
hole.

The total cube was about 7 cubic yards, the
bed of the lower rock was fissured, as far as 2}
feet from the axis of the hole. To produce
the same effect with mining powder would
have required half a pound.

These essays do not give the exact measure
of the effects of the pyroxyle, and it requires
further experiments. However, they permit
us to hope that the substance will be used for
mining purposes in the same manner as ordi-
nary powder, and without requiring difficult
precautions. Its property of burning without

11
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smoke and smell will, we think, assure it the
preference in all subterranean works.

‘We shall not speak, here, of the application
of the pyroxyline in the preparation of fulmi-
nating powders, as in the sequel of this work
we shall have a special article on that subject.

According to Messrs. Seguier and Clerget,
there is no doubt that nitric paper will take an
important place in pyrotechny. Paper pre-
pared according to Mr. Pelouze’s process, and
dipped in solutions of nitrate of strontia, sul-
phbate of copper, nitrate of baryta, have pro-
duced fine red, green, and white flames.

There is no doubt that trials will be made
to apply to industry the expansive force of the
pyroxyle, and Messrs. Lesseré and Valod have
made several experiments in applying to the
movement of machines, the expansion pro-
duced by the deflagration of nitric paper; but
those savants have been stopped in their essays
by the explosion of the machinery. Experi-
ments and time can only resolve these diffi-
culties,

To the probable astonishment of the reader,
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we shall speak of the application of the pyroxy-
line in the alimentary use. Mr. Pelouze at a
meeting of the Academy of Sciences, speaks
thus: “When we sce nitric acid engages in
organic combinations, in which it loses its
ordinary propertics, its odor, causticity, solu-
bility, we ask if it is absolutely impossible one
day to obtain alimentary substances by fol-
lowing a process, more or less directed in the
sense I have indicated, that is, of introducing
nitrogen into matters which do not contain it,
Y¥or me, I am inclined to believe in the possi-
bility of such a discovery.”

Some years since, Messrs. Bernard and
- Bares experimented on the xyloidine as an
alimentary substance. The results have becn
negative. Xyloidine has shown itsclf inalter.
able in the intestines; it has remained white,
dcflagrant, insoluble in watcr, soluble in acctic
acid and alcohol.
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CHAPTER XXV,

APPLICATIONS OF GUN COTTON—COLLODION—
ITS USES IN SURGERY—PREPARATION OF AR-
TIFICIAL LEAVES AND FLOWERS,

COLLODION.,

MR. MAYNARD, of Boston, has made a
curious application of the pyroxyle obtained
by Mr. Gaudin’s process, by rendering it solu-
ble in alcoholized cther. He designates this
agglutinative solution by the name of collodion,
lle prepares it as follows :—

The cotton is dipped into & mixture of threo
parts of sulphuric acid and two parts of nitrato
of potash. It is left to react for 15 minutes,
washed and dried as usual.

According to Mr. Payen, the surest mode of
preparation consists in mixing one part in
weight of dried and powdered nitrate of potash,
with three parts of concentrated sulphuric
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acid; he dips the cotton entirely into this mix-
ture, and leaves it from 1 to 2 hours, washcs
and dries it.

The product dissolves incompletely in ether,
containing 35 of alcohol; it forms a syrupy
liquid which is kept in close vessels. Spread
several times on the skin, it forms by the eva.
poration of the ether a very adherent pellicle,
resisting alcohol and water. It offers thus a
mcans, now generally used, to cover or reunite
wounds, and takes the place of the English
plaster. The pellicle obtained on a glass plate
can be taken, and burns less quickly than gun
cotton.

Collodion can be used to render tissues
water-proof. Tissues covered with collodion
can be used to cover large wounds and keep
them from the action of the air, as in drying it
contracts and becomes hard. The solution
used for this purpose is thus prepared :—

Ether e e . . %
Alcohol . . . 10
Pyroxyle . . 2t03

Castor oil and turpentine . 1
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For some time collodion has becn a precious
agent in surgery and medicine. It answers to
a multitude of uses relative to certain wounds,
ulcers, eye diseases, ete.

Thus, it is a remarkable circumstance, that
- & compound, the explosive properties of which
seem destined to extend the list of the most
terrible agents of destruction, presents in itself
very little modified in its texture, one amongst
the most eflicient agents used in protecting the
life of man. '

APPLICATIONS OF COLLODION TO PREPARE AR-
TIFICIAL FLOWERS AND LEAVES,

M. Berard Touzelin has made several new
applications of collodion, principally in the fab-
rication of artificial flowers and in book bind-
ing, and he has succecded in cconomizing in
these different applications two-thirds of the
ether by concentrating the solution of pyroxyle
and collecting the ether which becomes disen-

gaged. He prepares his collodion in the fol-
lowing manner:—




ARTIFICIAL FLOWERS AND LeAvHS, 187

Ether at 56° . . . 100
Gun cotton* . . 6
New castor oil . . 5to 8

The solution being prepared while cold, he
distils it over a water bath, so as to collect §
of the ether. He leaves it to settle 8 or 10
days; decants the clear liquid, and adds the
castor oil.

Very finely powdered different mineral
colors can then be mixed with the solution, or
coal tar colors can be dissolved in it. The
liquid thus colored is run on a glass perfectly
level. The collodion solidifying it can be
taken at once. '

M. Berard obtains a perfect imitation of
leaves of different plants, with the help of
moulds taken from nature according to different
processes, and principally by the help of the
figuring while warm (about 200°). The moulds
are prepared in the following manner :—

Put on a cloth plug a natural leaf, supported

® The gun cotton is prepared with nitrate of potash
and sulpharic acid.
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on its inferior faco, . e, the superior part of
the limb outside, interpose carefully on it, plas-
ter passed through a fine sieve, and mixed so
asto take the stamp well. The lump of plas-
ter having become of sufficient consistency,
with a knife give it the form of a truncated
cone, of which the extreme edges of the leaf
represent the little basis; these cdges are cut
with a penknife to follow the denticulation of
* the leaf. The cone is dipped several times into
a bath of melted wax ready to solidify (about
176°)till the thickness of the envelope is strong
enough,

Dip it into cold water to increase the con.
sistence of the wax, and diminish that of the
plaster. Then strip the basin by taking out
the conical mass of plaster.

This basin containing the leaf in the bottom
is metallized with powdered plumbago. Tt is
then put into a bath of sulphate of copper,
and submitted, as usual, to the ordinary pro-
cess of electro-metallizing, and in 8 or 10 days
is deposited a bed of copper sufficiently thick;
then take out the wax envelope and the lcaf
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which covers the bottom of the copper mould.
The mould is filled with melted bronze, and
run into it while liquid, by engaging in it an
iron rod which forms a handle; you obtain
thus a matrice, of which you print under a
strong pressure the embossments (nerves of
the leaves) in a thick lead basin (alloyed with
0.2 of antimony).

It is between this matrice and the basin
that are successively figured the leaves cut
with the punch from the colored collodion,
The figuring is effected by a quick pressure,
the moulds being kept at the temperature of
212°  For the stalks adapt to the lcaf an iron
wire colored with green paper.

Recently, M. Berard has made a new appli-
cation of the colored collodion spread on cloth
or paper, and figured by pressure on surfaces
representing hollow the projectures of the skins
shagrecned for book-binding. This figuring
is effccted between a copper cylinder and a
cylinder in shiclds of paper, hardened by an
encrgetic pressure that exercises a strong
screw on the iron axis of this kind of paper
cylinder.
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CHAPTER XXVI.
APPLICATION OF COLLODION IN PHOTOGRAPHY.

A VvERY happy application has been made
of collodion in photography. We do not
expect to give here a treatise on this art, but
we think it of interest to the reader to be in-
formed of that part which specially treats of
the application of collodion to the art.

Pure CorToN.

Take wadding cotton, and treat it, 1st, with
a solution of weak potash; 2d, with water; 3d,
with hydrochloric acid; 4th, with boiling dis-
tilled water, and dry it.

GuxN CorToN.

. Take 10 ounces of dried nitrate of potash in
fine powder, introduce it into a mortar, and
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pour on it 20 ounces of sulphuric acid. Mix
well, and gradually immerse in the mixture 1%
ounce of pure cotton. Leave the cotton a
quarter of an hour; remove it to a funnel, and
wash it well with lukewarm water. When
the cotton is free from acid, wash it well three
or four times with distilled water. Dry it at
a proper temperature, keeping it covered with
paper to keep off the dust. 1f during the pro-
cess red vapors are evolved, the operation has
to be begun over again.

PREPARATION OF THE COLLODION,

It is better to prepare a large bottle at once,
as it keeps well, and improves by settling.
In a ground stoppered bottle introduce—

Rectified ether . . 100 parts (weight).

Commercial alcohol . 20 ¢ “
Guocotton . . . 2tod* «
- Aq. ammonia « « Ddrops

* Use two parts in summer, and four in winter.
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Shake occasionally, and when the cotton is
dissolved, add— -

Iodide of ammonium . . . 1 part
Cyanide of potassium . . . 4
Fluoride of potassiom . . . % ¢

‘When the salts are dissolved, filter through
a cotton cloth into a bottle previously washed
with ether. Instead of iodide of ammonium,
‘you can use—

Iodide of potassium e« o+ « 1 opart
Iodine . . . . . N

The collodion has a yellow color, which
after a few days becomes light straw.

As the solution of the salts is difficult in
ether and alcohol, dissolve the salts in a few
drops of water, and then add it to the collodion.
For immediate use it should be kept in bottles
of three or four ounces,

CLEANING OF THE GLASS.

The glass, on which the collodion is applied,
should be well cleaned with the following
composition :—
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Aleohol . . . . 10 ounces
Ammonia . . . . 2}drms,
Rottenstone . . . 1}drm.

APPLICATION OF THE COLLODION ON THE
GLASS,

Take the glass by one corner, in the left
hand, and witk the right hand pour the collo-
dion on to the centre of the glass and let it
flow over the glass by giving it a half rotary
motion. \When the whole surface of the glass
is covered, pour off' the excess of collodion by
the opposite corner, to prevent streaks, as you
must only pour upon the glass enough to cover
it. Place it horizontally, and give it a gently
inclining motion from side to side. When the
collodion begins to dry, immerse the glass
plate into the sensitive bath.

SENSITIVE BATH

Is prepared in the following manner :—

Distilled water . « .« 100 parts
Nitrate of silver . . ., 8 ¢
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Dissolve the whole of the silver in distilled
water, filter, and let it stand a few hours. For
this purpose use a vertical bath of gutta
percha,

Before using the bath, filter the solution;
when the bath is nearly full, immerse the plate
quickly, raise it after a minute to inspect it,
when it will have a milky color, nearly white,
as well as an oily appearance caused by ether.

When these phenomena have disappeared,
and the glass has no marble appearaunce, re-
move it; allow it to drain before putting it
into the frame.

The length of time for it to remain in the
bath of silver varies fram one to three minutes.
Expose the glass plate in the camera to take

the picture. When done develop the image.
3

DEVELOPING THE IMAGE.

There are two ways of devcloping—

(a) By pyrogallic acid.

(%) By proto-sulphate of tron.

(a) To develop by pyrogallic acid, prepare
-the following bath :—
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Distilled water . . . 100 parts
Pyrogallicacid . . . 1 ¢
Glacial acetic acid « o+ 10 ¢«

When the plate is removed from the frame,
take it by one corner, cover it with the above
solution, agitate well the fluid over the entire
surface, being careful that the plate is entirely
covered with the liquid. The image gradually
appears, but it is not very distinct; it is ren-
dered perfect by putting it into a bath of—

Nitrate of silver ., . . 1 part
Distilled water . . . 100 parts

When the image is perfect in all its parts,
wash the glass with distilled water, and fix it.

(5) To develop by the proto-sulphate of
iron, prepare the following bath:—

Distilled water ., . - . 100 parts
Proto-sulphate ofiron . ., 10 ©
Glacial acctic acid . . 2
Sulphuricacid . . . 2 drops

Filter, and pour it into a porcelain dish, and
immediately plunge the glass in, In three or
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four seconds the image appears aud is perfect.
‘Wash and fix it.

FixiNGg THE PROOF.

There are two methods of fixing the proof:

(a) By sulphate of peroxide of iron.

(5) By hypo-sulphite of soda.

(a) To fix by the sulphate of peroxide of
iron, prepare the following bath :—

Distilled water . . . . 1000 parts
Sulphate of peroxide of iron . 2 ¢

Allow the proof to remain in this solution
from 50 to 60 scconds, wash with distilled
water, and dry.

(&) To fix by the hyposulphite of soda, pre-
pare the following bath :—

Distilled water . . . 1000 parts
Hyposulphite ofsoda . . 60 *

Operate as above.

PosiTivES oN COLLODION.

The principal advantage positive pictures
possess is, that they do not reflect like the
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silver plate, and they require less time to take
than negative pictures. The preparation of
the plate for pictures is precisely the same as
for negatives, except it requires a much shorter
exposure in the camera.  The pictures are de-
veloped with pyrogallie acid, to which is added
a drop or two of nitric acid, or with the proto-
sulphate of iron and the same quantity of acid.
The two solutions are thus prepared—

I.
Pyrogallicacid . . . . 10grains
Acetic acid . . . . 65 minims
Nitric acid . . . . 1 minim

Distilled water . . . . 10 ounces

IL.

Proto-sulphate of iron « . 26grains
Acetic acid e o + o 80minims
Nitric acid e+« e 2 «
Distilled water . . . . 640 «

What we have said above is suflicient to

demonstrate the great utility of gun cotton in
12
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photography, and the reader who wishes to
make himself acquainted with the full descrip-
tion of the manipulations of this art, can find
them lengthily explained in Hardwick's “ Man.
ual of Photographic Chemistry.”*

# This volume will ghortly appear from the Industrial
Press of Henry Carey Baird, Philadelphia,
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CHAPTER XXVIIL

ACOIDENTS WHICH ARE LIABLE TO OCCUR DU-
RING THE PREPARATION OF GUN COTTON=—
CAUSES OF THESE ACCIDENTS—PRECAUTIONS
TO BE TAKEN.,

It is to Mr. Payen that we are indebted for
a complete study of the very important ques-
tion of the accidents which are liable to occur
in the preparation and the drying of pyroxy-
line.

During the preparation, Mr, Payen has ob-
served that when he pours the nitric acid or
the mixture of nitrate of potash and sulphurie
acid on the cotton, the temperature somectimes
raises high enough to bring about the inflam-
mation of the fibre, which is out of the liquid.
Every chemist has observed that in operating
by dipping the cotton into the acid, if the ope-
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ration is done slowly, so that a part of the
cotton is out of the acid, a particular reaction
takes place, and gives a disengagement of
nitrous vapors. Sometimes they have seen
this reaction take place so rapidly that it pro-
vokes an effervescence, to such an extent,
that the liquid is ejected more or less quickly
from the vessel which contains it, and the
cotton disaggregates, and is converted into a
brown-reddish solution.

These two accidents are greatly to be appre-
hended, and can be stopped by throwing the
whole into cold water, but it is better to avoid
it by dipping the cotton completely into the
liquor, in which it may stay more than 48
hours without inconvenience. These two ac-
cidents have not yet produced dangerous re-
sults; that is the reason why we only indicate
them; but as all recorded accidents have oc-
curred during the drying, we shall be more
particular on the precautions to be taken in
this operation. We have seen cotton explode
at a temperature of 140°; how shall we explain
such explosions when direct experiment shows
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that the pyroxyline, in order to fulminate,
requires a more elevated temperature? Mr.
Payen has examined this phenomenon, and
he has demonstrated that currents of air,
heated even moderately by stoves or furnaces,
may produce explosions? Every one has re-
marked that if gun cotton is placed on ordi-
nary paper, and if that paper is kept above
lighted coals, at a distance, such that the
paper is scarccly burnt, and that the hand
very easily supports the temperature of the
current of air, and the deflagration is not long
in being produced—then, according to Mr.
Payen, it is very probable that, under these
circumstances, currents of air or gases resulting
from the combustion, kecping a temperature
above 212° and even 356°, may inflame some
particles of the cotton where they do not scasibly
affect the skin.

To ascertain the truth of his theory, Mr.
Payen kept for a long time the pyroxyline in
contact with fine sheets of metals or porcelain
heated by steam, and in no case has he ever
seen inflammation produced; and he has
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several times proved that curremts of air,
heated by the intermediary of metallio plates
or masonry works, inflame the cotton at a
temperature not above 186°,

The consequence of these observations is,
that in the oven used to dry the pyroxyline,
hot air, heated by furnaces, stoves, etc., ought
to be excluded, even if it was mixed with cold
air. On the contrary, an oven, with a currens
of air heated by steam, fulfils all the con-
ditions of safety, and by using steam, the
oven can be heated without danger nearly up
to 212°,

Mr. Gaudin has proposed a very good
method of drying small quantities of pyroxy-
line.

Through the room in which the cotton is,
he passes a current of air, which has been de-
siccated by quicklime. This process is cco-
nomical and perfectly safe, but is too tedious
to operate on large masses. Mr. Payen has
seen that the pyroxyline, prepared with raw
cotton, heated on a mercury bath, requires a
temperature higher than 892° to take fire.
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When prepared with pure cellulose, it ex-
plodes at 829° Nitric paper, according to
this chemist, has an explosive property weaker
than the cotton.
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CHAPTER XXVIIL

METHOD OF DISTINGUISHING GUN COTTON FROM
ORDINARY COTTON — SPONTANEOUS FORMA-
TION OF PRODUCTS SIMILAR TO PYROXYLINE,

MANY processes have been proposed to dis-
tinguish gun cotton from ordinary cotton.
One chemist has proposed to rub them in the
dark; he says that gun cotton becomes lumi-
nous, whilst ordinary cotton does not give any
emission of light; we have tried this process
many times, and have never succeeded. The
best method is the following :—

Make a mixture of 1 ounce of sulphuric
ether, with } of an ounce of alcohol, introduce
into it 5 or 6 grains of the cotton to try; if it
dissolves and forms a syrupy solution, it indi-
cates gun cotton, if ordinary cotton it does not
dissolve. This test is the surest and most casy.
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Another very serious question worth at-
tracting attention to, is the spontaneous pro-
duction of matters similar to the pyroxyle, and,
like it, capable of taking fire. Mr. Thenard
first called the attention of chemists to this
fact. For some time, in his house, they used
to deposit in an open box the snuffings of
lamps, when one night they spontaneously
took fire, and he attributed this effect to the
fact, that the snuffings impregnated with oils
had absorbed the oxygen by degrees, and had
become spontaneously inflammable.

It must also be remarked, in regard to gun
paper, that the liquor may unite with the nitric
acid, and become inflammable. It is in this
way possible to explain the spontaneous com-
bustion which has resulted from the breaking
of bottles full of nitric acid, the acid running
into organic matters.






SECTIOR IV.
COLORED FIRES.*

THE phenomena exhibiting colored flames
may be distinguished into non-illuminating and
tlluminating fires. The former expression is
certainly not to be taken in the strict sense of
the word, since a flame without any light is
clearly impossible; but the line of distinction
between the two is so marked, that the mean-
ing is readily understood. Non-lluminating
Jires, owing to that very peculiarity, are of but
limited application compared with the colored
or illuminating fires proper, which are those
principally called into service by pyrotechnists.
The medium of combustion in the former is

* In this section we are indebted for many recipes to
the “ American Druggists® Circular.”
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almost exclusively alcohol, while that of the
latter is either charcoal, or sulphur, or both
~ together.

Before proceeding with a description of the
various lights and their components, it will be
neccessary to give practical methods for the
preparation of the ingredicnts, and it will be
found advisable to adhere strictly to the rules
laid down in the following chapter.
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_ CHAPTER XXIX,

SUBSTANCES USED FOR PREPARING COLORED
FIRES,

NITRATE oF PoTAsH,

IN Chapter VII. of this work, we have said
all that is necessary of this substance. Before
using, it must be perfectly dried. It colors
the flame of alcohol clear pink.

SULPHURET OF SODIUM,

Dry the glauber salt, in an iron pan over a
coal fire, as long as watery vapors arise from
it; the white powder resulting is mixed with
% its weight of powdered charcoal, placed in a
crucible, covered, and exposed to the strongest
heat of a stove. Sulphuret of sodium is pro-
duced, which fuses; when the crucible is taken
from the fire it is allowed to cool, then broken,
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and the sulphuret powdered and preserved in
well-stoppered bottles,

OXALATE OF SODA

Is prepared by neutralizing a concentrated bot
solution of carbonate of soda, by slowly adding
oxalic acid until it turns blue litmus paper
into red. The salt is crystallized and dried
in the usual manner, using cold water for
washing, and no hcat in drying.

NITRATE OF BARYTA,

The material to manufacture this salt is the

native sulphate or carbonate of baryta, or the
- commercial chloride of barium, The mode of
preparation for the two former is the same as
that of the nitrate of strontia, as we shall see.
From chloride of barium it is prepared as fol-
lows: Dissolve four parts of chloride of barium
in eight of hot water, and three parts of nitrate
of soda in three of hot water; mix the solution
while hot, and stir till cold. Owing to chem-
ical affinities, an exchange of acids and basis
takes place, from which results a fine crystalli-
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zation of nitrate of baryta and chloride of so-
dium, :

The nitrate of baryta is drained in a glass
funnel from the mother liquor, washed slightly
with cold water, then dissolved in hot water,
and recovered by a second crystallization.
The mother liquor from this latter yields
another though more impure supply of the
salt. The crystals are treated in the same
mauner as nitrate of strontia.

CHLORATE OF BARYTA,

This salt is difficult to prepare sufficiently
pure for the wants of the pyrotechnist, Its
preparation is very circumstantial, and the
best is as follows: Dissolve 15 parts of tar-
taric acid in 48 parts of water, and neutralize
by adding gradually 14 parts of crystallized
carbonate of soda. At the same time have 12
parts of chlorate of potash dissolved in 82 of
boiling water. The hot solutions are mixed,
stirred up, and set aside to cool. On cooling,
there will be found a precipitate of bitartrat.:\/
of potash and a solution of chlorate of soda.
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This latter is filtered off, and to it are added
12 parts of oxalic acid dissolved in 36 parts of
cold water, the mixed solutions being sur-
rounded with a frigorific mixture in an ico
freczer., It is necessary for the precipitation
of the oxalate of soda that the solutions should
be kept as cold as is practicable, since this salt
is quite soluble at the ordinary temperature.
The oxalic acid has disengaged the chloric acid,
which latter i3 now contained in the superna-
tant liquor, aud after filtering, is in its turn
neutralized with freshly precipitated pulpy
carbonate of baryta, by the aid of a slight ele-
vation of temperature. The solution of chlo-
rate of baryta is then evaporated over a water
bath, and the salt as it forms removed from the
liquor which is completely dricd. For the pur-
pose of a pyrotechnic display, this salt must not
be deliquescent, nor exhale any acid, and when.
ignited on paper must show a purely emerald
light; if this light has a reddish or yellowish
hue, the salt is unfit for use. The carbonate
of baryta called for in this formula is prepared
by precipitating a solution of chloride of ba-
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rium by one of carbonate of ammonia, to which
some ammonia has been added.

TWhen the white precipitate has settled, pour
off the supernatant liquid, bring the precipitate
on a filter, and wash it with purc water as long
as the washings carry off any ammonia, which
is the case if it colors a drop of a dilute solu-
tion of blue vitriol a deeper blue.

CLLORIDE OF STRONTIUM.

This is prepared in the same manner as tho.
nitrate of strontia, substituting hydrochlorie
acid for nitric acid. Owing to its greater solu-
bility in water, it is necessary to obtain the
salt crystallized to evaporate the solution to a
less bulk before a crop of crystals will form.
These are drained in the same way as the ni-
trate, but dried at a higher temperature on
bricks, and preserved in well-stoppered bottles,

NITRATE OF STRONTIA,

This salt is prepared from the native sul-
phate of strontia or its carbonate; the latter
13



194 COLORED FIRES.

farnishes a solution of the nitrate when it is
powdered, placed in & porcelain dish, and
treated with commercial nitric acid as long as
a violent effervescence is produced, then placing
the dish on a sand bath, and heating it slowly,
when a small portion of the mineral must re-
main behind, or otherwise it has to be added
in order to prevent a loss of acid. The hot
solution is then filtered and allowed to cool,
when a second crop of crystals will result,
Both crops are then drained on a glass
funnel, folded in blotting paper, and pressed
between two bricks. They are next ground
into powder in a porcelain mortar, dried upon
warm bricks, and finally preserved in well-
stopped bottles. The sulphate of strontia re-
quires another manipulation, which consists in
first calcining the powdered mineral, embodied
with about two-fifths of its weight of flour, and
made into paste with some fatty oil, in crucibles
or earthen pots, which are placed in a brick or
potter’s kiln. This yields an impure sulphuret
of strontium, which is exhausted with hot
water; the solution filtered and evaporated to
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the point of crystallization. The crystals,
which are generally indistinct, may be sepa-
rated, drained, and dried upon bricks, if it is
desired to preserve them. To convert the
concentrated solution into nitrate, it is treated
with nitric acid diluted with an equal weight
of water. This aperation involves the disen-

gement of large quantities of sulphuretted
hydrogen, and renders it necessary to perform
it in the open air or under a good draught.
When the effervescence has ceased, a small
cxcess of sulphuret of strontium is added, the
solution of the now nitrate of strontia is heated
over a sand bath, filtered, and treated as above.

OXALATE OF STRONTIA.

Add to a solution of nitrate or chloride, a
solution of oxalic acid as long as a white pre-
cipitate is formed. This is filtered off and re-
peatedly washed with water, then dried as
usual. The acid liquor from the precipitation,
as well as the washings, contains some strontia
which ought to be recovered by precipitation
with carbonate of ammonia, and the carbonate
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" of strontia formed converted into nitrate or
chloride.

SvuLpOourer oF TIN,

Tin is filed into a coarse powder, and mixed
with an equal weight of flowers of sulphur.
This mixture is deflagrated in a ecrucible
brought to and kept at a red heat on a coal
fire. Small portions are introduced at a time,
when deflagration takes place, caused by the
combustion of the excess of sulphur; no more
is added until what is left in the crucible bas
assumed the temperature of the crucible, and
is in a glow. When the crucible is about
full, it is covered, heated somewhat stronger
for a while, and then allowed to cool. The
contents of the crucible are powdered in an
iron mortar; if any of the metal should still
be present in a free state, proved by tbe flat-
tening of some of the coarser grains, they must
either be picked out, or the whole calcination
must be renewed after adding some sulphur.
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NITRATE OF COPPER.

Copper turnings or small slips of copper, to-
gether with a sufficient proportion of nitric
acid in & porcclain dish, are placed in the open
air and slightly heated. Should all the copper
be dissolved, some more must be added until
it ceases to dissolve, whercupon the solution is
heated to boiling, then talken from the fire and
allowed to cool slowly. The nitrate of copper
will form in fine green crystals, which are freed
from the mother liquor by pressing between
filtering paper, and drying on bricks without
heat. They are preserved in glass-stopped
bottles. ’

CuLorIDE oF COrreEr

Is prepared in the same manuer with aqua
regia instead of nitric acid. The solution is
rapidly doiled down, and the blue crystals of
chloride of copper which form on cooling when
drained from the mother liquor, but still-moist,
are dissolved in alcohol, partly on account of
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their deliquescence, and because this prepara-
tion is only used in that condition.

IopipE oF COPPER,

A solution of sulphate of copper, saturated
in the cold, is added to a similar one of iodide
of potassium until the liquid shows a blue
color, when the precipitate has settled. Tho
whole is then well stirred, filtered, and tho
precipitatc on the filter washed, first with
water, then with alcohol. The brownish white
powder of iodide of copper is dried upon
bricks at a low heat, and when dried preserved
in stoppered bottles,

We have thus far enlarged upon the prepa-
ration of the rarer compounds required for
pyrotechnic displays, all other.ingredicnts are
easily obtained in the trade, but they must
always be of the hest quality.
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CHAPTER XXX.
NON-II.LUHIKATING COLORED FIRES,

TBE usual modes of preparing these fires
are as follows :—

Into a flat porcelain or tin cup pour alcohol,
and add the coloring substance previously dis-
solved in hot water: Or cotton wadding is
dusted with the preparation in a fine powder,
then soaked in alcobol and lighted. The same
ball of cotton may serve repeatedly by merely
moistening it with alcohol : or take a common
cylindrical tin box about 4 inches high and as
many wide, and form it into a rude lamp after
the manner of a spirit lamp by passing an inch
of perforated tin or brass tube for the wick
through the lid, then fill it with alcohol, to
which a solution of the coloring substance has
been added. The latter arrangement will be
found prefcrable.
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The following substances are used to pro-
duce the various colors.

Red.—Nitrate of strontia, chloride of stron-
tium,

Yelloto.~Chloride of sodium, nitrate of soda.
 Green—Nitrate and iodide of copper, boracic
acid.

Green with Blue Streaks.—Chloride of cop-
' per. )
Pink.—~Saltpetre, pearlash, orange, chloride

of calcium,
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CHAPTER XXXI.

ILLUMINATING FIRES—BENGAL FIRES—OPEN
LIGOTS—COLORED LIGHTS.

ILLUMINATING FIRES AND BENGAL FIRES,

THESE fires serve to illuminate objects of a
small or larger compass; hence, intensity of
light is principally to ‘be aimed at, besides,
there is a condition that there be but little
smoke, and that the mixture burn off slowly
and regularly. The mode of using the mix-
tures is either to place them open on a flat
dish, or to put them into stiff paper capsules
prepared in the manner of rockets, but of very
thin paper. These two modes require different
mixtures, and produce different cffects. The
former gives off a larger light, but, even in
large quantities of short duration, while the
latter, though smaller, burns longer and with
more regularity.
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OPEXN FIRES,

Among the many recipes for these, but few
deserve to be recommended, and these have
. been selected. The twhite and red fires only
show a clear distinct color. The green is gene-
rally pale, and shows off easily when burnt
after a red. A pure blue is very difficult to
obtain,

The following should be observed as general
rules: The ingredients for the fires are dried
singly at a slightly elevated temperature, finely
powdered, and preserved in well-stopped bot-
tles until required for use. The mixing of the
ingredients is best performed on a shcet of
paper by means of a card, and should be done
very carefully, so as to insure a complete mix-
ture. Sifting is in most cases admissible, while
triturating in a mortar is, above all, to be
avoided.

After mixing,the powder is piled in small
heaps in open vessels, for which purpose small
flower-pot dishes are well adapted. On top of
these scveral piles some gunpowder is placed
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to facilitate the lighting. The vessels should
be arranged in such a manner that the flame
may illuminate the intended object without
being seen by the spectators. The distribution
of the material into a greater or less number
of dishes is governed by circumstances. A -
great number of small flames from a given
quantity of mixture gencrally gives a more
intense, but so much shorter lived light than
the same quantity distributed in larger por-
tions. Beyond a certain limit, however, even
that intensity is not materially heightened by
a few more lights. If the fire is to continue
for some time, it must further be considered
that large quantities of the mixture form a
correspondingly greater amount of slags which
greatly mar the effect. It is, therefore, best in
such cases to burn off a number of small
charges successively.

WuITE FIRE.
The following mixture is the best for white
lights, being unsurpassed in brilliancy and
power by any other.
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I'
Take—

Saltpetre . o e . . 18 ounces.
Sulphor . . . . . 10 “

Black sulphuret of antimony . 8 ¢
Burnt lime A

The sulphur is used in the form of flowers
previously dried ; the lime i8 not o be slaked,
but must be finely powdered ; it must be fresh
and be powdered immediately before use.

All other mixtures for white fires have
either a blush tinge, or contain deleterious
ingredients, which latter render them at least
unsuitable for in-door use. Of this latter class
we will mention only one.

I
Take—

Saltpetre . . . 12 ounces.
Sulphur . A

Sulphuret of tin . . 1 ounce.

Two other mixtures deserve mention, while
not equal to No. 1.
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115
Take—
Saltpetre . . . 24 ounces.
Sulphur . . . 6} ¢
Sulphuret of sodium . 3} “

1v.
Take—

Saltpetre . . . 82 ounces.
Sulphur . . . 10y «
Gunpowder Y b

BLUE FIRES,

The only mixture to be relied on, though
the light is not purely blue but bluish-white,
is the following :—

Saltpetre . . . . . 8 ounces.
Sulphur . . . . . 1ounce.
Black sulphuret of antimony . } ¢

RED FiRES,

The following mixture is the best in use ;
its composition may bo altered by various ad-.
mixturoes.
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L
Take—

Nitrate of strontia . 18 ounces.
Sulphur « + « 1lounce
Powder dust . . 1

The latter ingredient is prepared from gun- -
powder, rubbed up carefully in a mortar, and
then sifted through a hair sieve.

1L
Take—

Nitrate of strontia . 12 ounces.
Chlorate of potash . 8 ¢
Stearin . .. 2 “
Powdered charcoal .  § ounce.

In using chlorate of potash, the precautions
we have indicated in other chapters must be
strictly observed, and all pounding and rub.
bing avoided.
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11,
Take—

Nitrate of strontia . - . . 10 ounces.
Chlorate of potash ., . . 2 ¢
Sulphur . . . . . 2} ¢
Black sulphuret of antimony . 1 ounce.
Powdered charcoal . . .

This gives a very strong light.

The nitrate of strontia for these fires, as the
ingredients for all others, must be well but
carcfully dried.

YELLOW FIRE.

This color, which is very little used, is pro-
duced by the following mixture :—

Nitrate of soda . . . . 8 lbs,
Sulphur « + « « .11

Black sulphuret of antimohy . 3@
Powdered charcoal .« . 1ounce.
GREEN FIRES,

The coloring ingredients for these lights are
the salts of baryta; tho color is generally not -
very decp.
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; L
Take—

Nitrate of baryta « .« 22} ounces,
Sulppur . . . . b6 @
Chlorate of potash . . 10 ¢

Calomel . . . . 1 ounce.
Lampblack T

IL
Nitrate of baryta « . 80 ounces.
Chlorate of potash . . 9 @
Sulphur T )

IIL,
" Chlorate of baryta . 8 ounces.
Sulphur « « .+ 1 ounce
1v.
Chlorate of baryta ©~ . 1% pound.
Stearin « + .« 8ounces,
Sugar of milk « < 1ounce.
V.

Chlorate of baryta . 8 ounces,
Sugar of milk . .« lounce.
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CoLORED LigHTS,

These are formed by filling cylinders of
thin writing paper of about an inch in diameter
with the mixtures. The length of the cylinder
determines the duration of the light. The
mixture may be moistened and pounded into
the cylinder with a wooden rod. After drying,
they will then be hard enough to allow of the
removal of the paper, and may be further
strengthened by being dipped or painted over
with mucilage of gum arabic. The cylinders,
when finished, are tied to the upper end of
sticks fastened in the grouund in a vertical po-
sition. ‘

The mixtures vary essentially from those
used for colored fires.

WHITE LIGHTS.

Saltpetre e« « « « . 4ounces
Sulphur « « « <« .« lounce.
Black sulphuret of antimony .1 ¢

14
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YELrow Ligar,

L
Sulphuret of antimony . . . 2 ounces,
Chlorate of potash O T
Sulphur B
Oxalateofsoda . . . . 1ounce

I .
Saltpetre . . . . . 140 ounces.
Sulphar . . . . . 45
Oxalate of soda . .+« . 80 =«
Lampblack « « « <« 1lounce.

GREEN LigHT,
IO

Chlorate of baryta « + + 2ounces.

Nitrate of baryta “ . . 8B

Sulphur e« o  « « o louuce.
11,

Chlorate of potash . .. . 20 ounces.

Nitrate of baryta . . .21 @
Sulphor . . . . 11
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ReEp LigaT.

Nitrate of strontia . ., . 25 ounces.
Chlorateof potash . ., -, 16 ¢«
Sulphpur . . . . . 13

Black sulphuret of antimony . 4 ¢

Mastic . . . . . 1 ounce.

Pink LigHT,

Chlorate of potash . - . 12 ounces.
Saltpetre . e« « e« o b u
Sugarofmilt . . ., . 4 ¢
Lycopodium .
Oxalate of strontia

. . . 1 ounce.

Brue Lignr,

Chlorate of potash
Sulphur .

. . . 3 ounces,

e« « «. .« lounce.
Ammoniated copper . . . 1 ¢
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COLORED LIGHTS WITHOUT SULPHUR FOR IN-
DOOR ILLUMINATIONS,

WaITE.
Chlorateof potash . . . 12 ounces
Saltpetre . . . . . 4

Sugarofmilk . . . ., -4 ¢
Lycopodinm « +« « « lounce.
Carbonateof baryta . . . 1 «

YELLOw.

Chlorate of potash . ., . 6 ounces.
(or nitrateof baryta) ., . 10 ¢
Saltpetre . . . . .
Oxalateofsoda . . . .
Powdered shellac o e e

- I~

GREEN (only after yellow or red lights).

Chlorate of potash « « .+ 2ounces.
Nitrate of baryta « + « lounce
Sugar of milk S S
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Nitrate of strontia
Chlorate of potash

* Sugar of milk

Stearin

Reb.

218

12 ounces.
8 [
1 ounce.
2 ounces.
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CHAPTER XXXIIL.
PHOSPHORIC LIGHTS.

PHOSPHORESCENCE.

A NUMBER of bodies have the peculiarity
under certain circumstances of emitting light,
the origin or cause of which has not as yet
been fitly explained. Among such cases is
the appearance of light during the process of
crystallization. The transition of a substance
from the non-crystallized, amorphous or liquid,
to the crystallized condition, is accomplished
by a simultaneous movement of its atoms, pro-
ducing light in a manner which cannot be fur-
ther accounted for.

In all cases to be mentioned, it will be found
a very remarkable fact that when the substance
has once shown this phenomenon, during its
passage into the crystallized state, it will not
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show it again when redissolved and recrystal-
lized. Evidently there is connected with it a
positive change in the arrangement of the
atoms, and the phenomenon of phosphorescence
is only in so far coincident with the process of
crystallization, as the latter is produced by a
rcarrangement of the atoms.

The amount of light developed is in all in-
stances so small as to be observable only in
the dark.

ARseNIOUS AcIp,—This substance, as it ap-
pears when freshly prepared, and partly even for
some length of time afterwards, is in transpa-
rent, glassy, perfectly colorless lumps, It gra-
dually passes, beginning on the outside first,
into a semi-transparent porcelain like, and
finally into a perfectly opaque state. This
change is caused by the atoms assuming the
form of crystals. It is reduced more rapidly
and with the appearance of light when the
crystallization of the acid takes place from a
solution of it. Yor this purposc a picce of the
transparent arsenic is powdered and dissolved
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in somewhat diluted and boiling hydrochloric
acid to saturation, with due observance of the
caution necessary to guard against accidental
poisoning. The glass vessel containing the
solution is then allowed to cool slowly, having
been placed on some non-conducting substance,
such as wood. As soon as the crystallization
sets in, the formation of each crystal is observed
in the dark by a brilliant glimmer of light.

SULPHATE oF PorasH.—The neutral sulphate
of potash, when freshly prepared, possesses the
same property of phosphorescence while passing
into the state of erystallization. It is necessary
that the solution of this salt be not made by
dissolving crystals of it in water, but that it
be a solution of its components sulphuric acid
and potash, or bisulphate of potash and potash,
For, the once crystallized salt has already un-
dergone the change in the atoms on which
the success of the experiment depends, and its
immediate formation, as it were, an amorphous
condition, is indispensable. To a solution of
purified pearlhsh or salt tartar in hot water,
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dilute sulphuric acid is added gradually, as
long as effervescence takes place, or the liquid
turns red litmus paper to blue, then filtered
and evaporated to the point of which, a small
portion of it on cooling deposits crystals. The
solution is then allowed to cool slowly in an
open dish, and it will show in the dark .a con-
stant succession of viscid flashes attending the
formation of crystals.

Better results are sometimes obtained by
neutralizing a solution of fused bisulphate of
potash with pearlash in the same manner.

SULPHATE oF SopA AND PoTASH.—A mixture
of 11 parts of sulphate of potash and 9 of efllo-
resced sulphate of soda is fused in a crucible,
then allowed to cool, powdered, dissolved in
just enough hot water, and quickly filtered.
On cooling, the formation of crystals is accom-
panied by a similar phosphorescence as that
above referred to. Within a few hours after
their formation they will shine again when
rubbed; but on being redissolved and again
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brought to crystallization, no light will be ob-.
served, nor would any be seen in the original
solution if it were too dilute when first made,
and had to be evaporated.

SULPHATE OF P’0TASIT AND CARBONATE OF
SopA.— A mixture of 8 parts of sulphate of
potash and 3 of effloresced carbonate of soda,
fused and treated in the same manner as the
above, gives the same result.

CHROMATE OF I’0OTASH AXD SULPHATE OF
Sopa.—A mixture of 19 parts of neutral chro-
mate of potash and 14 parts of efloresced sul-
phate of soda gives the same result as above.

CHROMATE OF PoTasH AND SopA.—The fol-
lowing mixture behaves in the same manner: 2
parts of bichromate of potash and one of dry
carbonate of soda. In this case the crucible
must be large enough to allow for the efferves-
cence caused by the disengagement of carbonic
acid. '
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Bexzorc Acip.—The sublimation of benzoic
acid is attended by a brilliant exhibition of
glimmering lights when properly conducted.:
An optional quantity of it is mixed with one-
sixth of its weight of powdered charcoal, and
put into a flat dish which is placed on a heated
iron plate; the dish is covered by a large bell
glass.
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CHAPTER XXXIIL
PYROPHORS,

A SECOND class of self luminous substances
are those in which this peculiarity is permanent
and which are sometimes called pyrophors (FIRE
BEARERS). Their phosphorescence consists in
the diffusion of a pale light without manifesta-
tion of fire, the same as the well known ap-
pearance of phosphorus their prototype in the
dark. In some of these substances the phos-
phorescence is caused by slow combustion ;
in others, such as some living and dead ani-
mals, and vegetable membranes, as well as some
mineral substances, it depends upon causes
pot within our control, and therefore omitted
from our selections; in others, again, it is pro-
duced by the illumination of the sun’s rays by
or during heating and other causes. Most of
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those which show a phosphorescence, after
having been exposed to the sunlight, do the
same upon being heated. The explanation of
these peculiarities is beyond our limits, and .
more properly belongs to philosophy.

To produce phosphorescence by means of the
sunlight it is only required to expose the sub-
stance for some minutes to the direct rays of
the sun, and then exhibit it at once in the
darkest place that can be selected. In some
instances this state of illumination continues
for several days; in others, it passes off after a
few hours or even minutes. The latter pecu-
liarity is dependent upon certain circumstances
attending the preparation of the substances
and upon the manner in which they are pre-
served, which should be in all cases complete
seclusion from the air in well-stopped glass
vessels.

The color of the light exhibited by these
substances varies with their nature, and the
degree of heat to which they have been ex-
posed. A certain scale of light and color may,
therefore, be produced by grouping together
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different substances or samples of the sameo
substance, cach having becd heated at a dif-
ferent temperature.

SuLPHURET OF BARIUM.—Finely powdered
sulphate of baryta, which must be free from
iron, is formed into balls with mucilage of gum
tragacanth; the balls are dried at a modcrate
temperature, then placed in common crucibles,
and kept at a red heat for an hour. They are
then allowed to cool slowly, and while still
warm are transferred into flasks with well-fit.
ting glass stoppers, which may be further se-
cured with wax or tallow. The phospho-
rescence of this substance is much improved
when the baryta has becen mixed with threo
per cent. of magnesia.

SULPHURET OF STRONTIUM.—Sulphate of
strontia, treated in the same manner as the
above, produces the same effects.

StLPHURET OF CALCIUM.—Oyster shells aro
calcined to perfect whiteness in a crucible,
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freed by dusting from the ashes, and then
piled inside down in a crucible, with a layer
of flowers of sulphur between cach two. The
crucible is then covered and exposed to a dull
red beat for half an hour or more.

SULPHURET OF CALCIUM AND ANTINONY,—
Threc partsof calcined oyster shells, treated with
a mixture of 10 parts of flowers of sulphur and
one of oxide of zine, produce the same effects.

CoLoriDE oF CALCIUNM.—Fuse chloride of cal-
cium in a crucible, and pour it out on a bright
iron surface or slab; break it into pieces when
cold, and transfer it into well-stopped flasks.
If no chloride of calcium is at hand, calcine a
mixture of 7 parts of burat lime, slacked to
dry powder, with 15 parts of salt ammoniac.

NITRATE oF LixMe.—Make a solution of chalk
or marble in nitric acid, evaporate to dryness,
and fuse in a porcelain crucible.

These substances may be made self-laminous
also by other means besides the sunlight; for
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instance, by heating or pounding. A succes-
sion of experiments may be performed with
them, after their phosphorescence from insula-
tion has ceased, by first warming them in the
hand, then in a water bath, and afterwards on
a stone plate, each successive increase of tem-
perature producing a fresh exhibition of light,

QUINTIA AND SULPHATE OF QUINIA.—These
two substances shine with remarkable intensity
when slightly heated. Spread either of them
over a sheet of paper, and warm it by bolding it
over a lamp. When this is withdrawn, a light
will commence to spread from the edges to the
centre, continuing sometimes for several min-
utes.

Boracic Actp.—When boracic acid is fused,
and is then allowed to cool, it will sponta-
neously, or rather by concentration, break into
pieces, and along the cracks caused thereby a
bright light will appear, strong enough to
be visible even in daylight. Sulphate of
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potash, fused with cream of tartar and salts,
shows the same phenomenon.

PHOSPHORUS.—ASs this is one of the most
dangerous substances to experiment on, we
shall restrict ourselves to a few experiments
which are accompanied by no particular dan-
ger, but are still to be performed with great
care.

In the first chapter of this work we have
given all the precautions necessary, in handling
phosphorus, to avoid danger.

Phospluretted o1l is the best means of exhi-
biting the luminous propertics of this sub-
stance. The phosphorus dissolves in olive oil
to some cxtent when melted. A small dry
piece, of the size of a pea, being placed in a
test-tube with oil, is held in warm water, and
when melted shaken until it no longer dis-
solves, and then poured off clear into a small
vial which is to be well-stopped, and preserved
in a dark place. When this vial is opened in
the dark, its contents will shine with the same
light as phosphorusitsell. The light disappears

15
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upon closing the vial, but appears again on
reopening it, and is intensified by shaking. It
loses this property, however, after some time,
when frequently opened. Characters written
on paper with fresh phosphuretted oil appear
* in the dark with a bright glare.

Phosphuretted ether is prepared by digesting
finely divided phosphorus in a closed vial with
sulphuric ether for some weeks, with frequent
shakings. A piece of sugar moistened with
this ether and dropped into a vessel with tepid
water will make the surface of the latter ap-
pear quite luminous in the dark.

The luminosity of phosphorus depends, for
the greater part, upon its property of burning
in contact with tho air, by which a slight
amount of light and heat is evolved, analogous
to the strongly marked appearance of light
and heat when it bursts violently into flame.
Yet some of these phenomena, such as are evi-
dently connected with any combustion, cannot
thus be explained. Phosphorus is luminous,
also, during its evaporation or sublimation, as
is also sulphur.- Most of these phenomena we
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are unable to deduce from any single one of

these causes, but originate more generally in
both, '

SurpRUR.—Roll sulphur, drawn over a
warm brick, shows its marks in the dark with
a bright light.



228 COLORED FTRES,

CHAPTER XXXIV.
MILITARY FIREWORKS.*

BuiLpINGs.—In a large establishment four
scparate buildings are required.

No. 1 should have a porch, and contain at
least four rooms. '

Cartridge room, for making paper and car-
tridges of all kinds. .

Filling room, for filling cartridges.

Packing room, for putting up ammuaition
for transportation or storage.

Store room, for materials and tools.

No. 2. FCRNACE or sMITH SHOP should have
three rooms, two entirely cut off from the third
by a partition wall.

* For some portions of the information contained in
this and subsequent chapters, we are indebted to ¢ The
Ordnance Manual.”

owy v
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Driving room, for driving rockets, fuses, etc.

Mixing room, for mixing compositions.

Furnace room, for casting fuses or bullets,
and making compositions requiring the use of
fire.

No. 3. CARPENTER'S SHOP. _

No. 4. MagazixE for powder, fixed ammu-
nitions, cte. _

All these buildings should be at a distance
from inhabited buildings, apart from each
other, and protected by trees or traverses of
carth placed between them.

The size of the rooms is regulated according
to the number of men to be accommodated.

DPrecautions against Accidents.

Avoid, as much as possible, the use of iron
in the construction of the buildings, fixtures,
tables, benches, boxes, etc., of the laboratory;
sink the heads of all iron nails if used, and fill
over them with putty, or paste scveral thick-
nesses of paper over them. Before the men
go to work, cover the floor with carpets or
tarpaulins, which are taken up carefully after
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_ the men leave, and carried at least 50 yards
from the building, and there shaken thoroughly
and swept.

Place the stores in cloth bags in the windows,
.exposed to the sun. Prevent persons from
entering with iron instruments or with matches
about their person. All those who work
where there i3 powder must wear moccasing
or socks. The wérkmen should not drag their
feet while walking.

‘The doors and windows must open and close
easily, without friction, and they must be open
whenever the weather permits.

Never keep more powder in the laboratory
than is nccessary, and have the ammunition
and other products taken in the magazine as
fast as finished. ,

Powder barrels ought to be carried on hand-
barrows, made with leather, and the ammuni-
tion in boxes.

Never drive rockets, etc,, in a room where
there is any powder or composition, except
that used at the time. Loading shells, driving
rockets, pulverizing materials, ete, ought to

- ———————— a3

e an . —
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be done in all cases in the open air, or under
a tent far from the laboratory and magazine.

Never enter the laboratory at night, unless
it is indispensable, and in that case use close
lanterns,

Applications for burns.—Exclude the air by
applying fresh lard to the burn; or bathe the
part burned, and cover it with linen soaked in
a mixture of 8 parts of sweet oil and 1 of am-
monia well beaten together.

Materials.—As in difterent chapters of this
work we have entered into explanations of the
different materials used in fireworks, we think
it unnccessary to recall them here. We would
then refer the reader to those different chap-
ters,
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CHAPTER XXXV.

MATCHES—FUSES—ROCK-FIRE—BLUE LIGHTS —
SIGNAL ROCKETS.

Srow MaTcmh.

~ Srow match is prepared rope, which is used
to keep and carry fire; it burns slowly, with
a firm, hard coal, and is not easily extinguished.

DMaterials.—Ilemp or flax raps of 3 strands,
slightly twisted, about 25 yards long, and of a
uniform diameter of 0.6 inch—acctate of lead,
water.

Preparation I.—Boil the rope for ten minutes
in water, holding in solution 5 of its weight
of acetate of lead ; remove it with spatulas into
the tub, or let it remain in the ‘cold solution
until it is thoroughly saturated. First, twist
it over the kettle, and then by attaching onc
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end to the hook of a twisting winch, twist it
bard, keeping it stretched by means of a stick
passed through a loop at the other end ; at the
same time rubbing it smartly, always in the
same direction from the hook, with coarse
mats until the diameter of the match is reduced
0.1 inch, and it has a uniform twist and hard-
ness.

Matches thus prepared burn 4 inches in an
hour.

I1.—If sugar of lead cannot be procured, the
rope may be simply leached ; for this purpose,
it is put into a leach tub, and steeped in pure
water for twelve hours; this water is then
drawn off and replaced by lye prepared in a
boiler with a quantity of ashes cqual to half
the weight of the rope, to which 5 per cent. of
quicklime is added. When the rope is well
leached, twist it with sticks, steep it 5 minutes
in hot water, and terminate as above,

This match burns 5 inches in an hour.

A slow match may be made of strong paper
by immersing it in a warm solution of nitre,
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one pound to two gallons of water. A half
sheet thus prepared keeps fire for three hours.

Quick MarcH.

Quick match is cotton yarn of several
strands, saturated and covered over with an
inflammable composition; it is used for com-
municating fire from point to point in fire-
works.

The material required to make it is mealed
powder, cotton yarn, gummed brandy or
whiskey, in the proportion of 1 ounce of gum
to 3 gallon of spirits. 1000 yards of quick-
match require 1 pound of cotton yarn,8 pounds
of mealed powder, 1} gallon of spirits, and 2}
ounces of gunt. \When dried it weighs 9
pounds.

Preparation.~—Steep the cotton in the gummy
whiskey until thoroughly saturated.

Make a paste of mealed powder by mixing
1 quart of gummed whiskey to 2 pounds of
powder, and put a layer of it about & an inch
deep in a bowl; on this spread a coil of the
cotton Ly unrolling the ball) and distributing
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it equally on the surface of the paste until
there are 6 or 6 yards over one another; put
another layer of the paste, and continue until
"the bowl is full. After the cotton has been 3
or four hours in the bowl wind it on a reel.
Before it is dried, dredge it with mealed pow-
der; let it dry slowly, cut it off from the reel,
and put it in bundles. One yard in the open
air burns 13 seconds,

If to the above composition you add } of
sulphur, 1 yard burns in 22 seconds, with },
83, with 3, 53, with 3, 162 seconds.

FuseS FOR MORTAR SHELLS,

The hard, close grained woods are best
adapted for making fuses. Beach or ash is

generally used. It should be dried, sound, free
from knots, worm holes, ete.

The composition is the following :—

For eight and ten inch light Mortar Fuses,

Nitro .« . . 2 parts.
Sulphur . . . . 1part.
Mealed powder . . 3parts.
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For ten and thirteen inch heavy Mortars.
Nitre . . . . 2parts.
Sulphur « « « lpart.
Mealed powder « o 2} parts,
FusEs FOR HEAVY GUNS,

The composition of the mixture is the fol-
lowing :—

No. 1. Nitre, 26. Sulphur,9. Mealed powder, 14.

No.2. 4 20, “« 9, “ 12.
No.3. ¢ 26, “ 9, “ 10.
Rock FIRrEs,

Rock fire is a composition which burns
slowly, is difficult to extinguish, and is used to
sct fire to buildings, ships, ete. That which
is put into shells is cast in cylindrical cascs of
paper, having a priming in their axis.

Composition :—

Rosin . . . « O parts,
Sulphur . . N T
Nitre . . S (U

Regulus of antimony . 1 part.
Mutton tallow . . 1 ¢
Turpentioe . . . 1 ¢
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Pulverize the sulphur, nitre, and antimony
geparately, mix them with the hands, and pass
through a sicve. Melt the tallow first, then
the rosin, stirring the mixture with spatulas,
add the turpentine, and next the other ma-
terials, in small quantitics at a time, stirring
the whole constantly with large spatulas.

Let one portion of the composition be melted
before more is added. When the composition
becomes of a brown color, and white vapors
are disengaged, the fire is permitted to go
down, and when the composition is sufliciently
fluid, the cases are filled not more than § full.

FIRE BaLLs.
Composition :—
Saltpetre . . . . 8 parts,
Sulphur . . . ., 2
Antimony « « .« 1lpart.

BrLue LicHTS.
Composition :—
For 100 lights take—
Saltpetre . . . 9lbs. 10 ozs.
Sulphur .« e .24 6} “
Red orpiment . . 11«
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The materials should be pure, well pulve-
rized, thoroughly incorporated, and passed
" through a hair sieve.

Fill a wooden cup with the composition, and
pressit firmlyin. Prime the cup with a quick
match.

S1GNAL ROCKETS.

Rockets for signals are composed of a paper
case charged with composition, a pot filled
with ornaments, and a light stick to give di-
rection. '

Composition : —

Nitre . . . . 28 parts.
Sulphur .« .+ . b} ¢«
Charcoal . . .19 o«
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CHAPTER XXXVTI.

DECORATIONS FOR ROCKETS—WAR ROCKETS—
ORNAMENTAL FIREWORKS,

Stars—~The composition to prepare stars is
a8 follows :—

White. Yellow. Red. Dlue. Green. 8 points.

Nitro 16 “« “ “« «“ “
Sulphur 8 1 “ _ “ c4 7
Mealed powder 4 “ “ “ “ 10
Charcoal “ b « “ «
Nitrate of soda ¢ 6 « « “ «“

Chlor. of potagh ¢ “ 5 96 «“
Nit. of strontia % ¢ 20 “ “ “
Gum dammar =~ ¢ “ 4 4 “ “
Sulph. of copper ¢ ¢ “ 4 “ “
Nit. of baryta ¢ “ “ « 193 «

The material is reduced to fino powder, and
mixed with the hands. The composition is
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moistened with whiskey in which gum has
been dissolved.

Serpents are very small rocket cases charged
with composition.

Streamers are small paper cases from 2 to
4 inches diameter, and from 2 to 4 inches
~ long, made of four turns of paper, one end is
closed, and the case is charged and primed
like that of a lance.

Gold rain is made of small stars all the same
size; the stars are cubes, the length of whose
sides is 5 inches.

JMarrons are small cubic boxes made of
pasteboard, filled with powder, and wrapped
with strong twine. They are used to give a
loud report or the cffect of cannonading.

War Rockt—It consists, 1st, of a shect-iron
case lined with paper, and charged with rocket
composition; 2d, of a cast-iron cylindro-co-
noidal head, with a small cavity communicating
with the bone of the rocket and pierced with
three holes, oblique to the surface for the
escape of gas; 3d, of a wrought iron plug
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welded into the rear end of the case, and having
a hole in its axis for the escape of gas.

The composition to make the rocket is thus
formed :—

Nitre . . . . 10 parts.
Sulphur e . . 2
Charcoal . . . 8

DPelard is a wooden box filled with powder,
used to blow down doors, gates, barricrs, etc.

ORNAMENTAL FIREWORKS,

Lances are small paper cascs, 2 to 4 inches
diameter, filled with onc or more compositions
cach burning with a flame of a particular color.
They are used to mark the outlines of figures,
and arc attached to light frames of wood on
sticks of bamboo.

Their composition is as follows:—

16
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White. Yellow, Red. Blue. Green,

Nitre 26 “« 16 8 96
Sulphur . 9 4 10 2 o4
Mealed powder 5 4 § “
Nitrate of soda “« 16 L “
Lampblack “ 2, “ 8
Nitrate of strontia “ “ 30 “ “
Sulphate of copper “ “ “« 4 “«
Nitrate of baryta “ ¢ “ “« 192

Sun Cases are strong cases made like those
for rockets, and filled with a composition
which burns more slowly than the rocket
composition; they are attached to wooden
frames to give long rays of sparkling light.

The sunlight is thus formed :—

Nitre T |
Sulphur . . . . ., 1
Mealed powder . .« . 16
Charcoal . . . . . 4

Lights are made by pressing lances or simi-
lar compositions in a shallow vessel, or in
cases of large diameter; the burning surface
being large, the light attains a great intensity.

N
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Their composition is the following :—

White. Yellow. Red. Blue. Green. Bengal.

Nitre 16 2 b 8§ 24 “
Sulphur 8 4 6 2 16 4
Mealed powder 4 “ “ “ “ 4
Nitrate of soda ¢ 20 “ “ “ 16
Lampblack “ 1 1 “ 1 “
Nitrate strontia ¢ “ 20 “ “ “
Sulphate copper * “ “ 4 “ “
Nitrate baryta ¢ “ “ “« 48 “
Antimony “ o “ “ “ 2

Petards are small paper cases filled with
powder; one end is entirelj closed, and the
other has only a small hole left for a piece of
quick match to communicate fire to the pow-
der.

Wheels are made and driven like sun cases;
they are used to give a rotary motion to pieces
mounted on an axis, and to produce at the
same time a brilliant fice.

The wheel fires have the following compo-
sition:—
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Common. DBrilliant. Chinese,  White,

Nitre 6 1 1 6
Sulphur = - 1 1 1 7
Mealed powder 16 16 7 16
cmmd 6 “ “ “
Steel filings “ “

Cast iron filings “ “ 7 “

Roman candle is a long and strong tube,
charged with stars which are thrown out suc-
cessively by a charge of powdecr placed under
each star,

Their composition is the following :—

Nitre e« &« .+ . 6
Sulphur . ., ., . . 2
Mecaled powder T
Charcoal o . . .+ 6

Leaders are long paper tubes of small diam.-
eter, inclosing a strand of quick match. They
are used to communicate fire rapidly from one
point to another.

Streamers are composed of—
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Nitre .
Sulphur .
Mealed powder
Charcoal

Serpents are formed of—

Charcoal .
Mecaled powder

Gold rain is composed of—

Nitre .

Sulpbur

Mealed powder

Lampblack

Flowers of zinc
- Gum Arabic

2
1

245

16

4

16

16
10
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SECTION V.

FULMINATING POWDERS AND PERCUS-
SION CAPS.

CHAPTER XXXVII

HISTORY.

AMONGST the industries of new creation
worth the attention of the science, is the fabri-
cation of fulminating and percussion powders.
The universal adoption of percussion arms for
war purposes is the origin of the rapid develop-
ment of this new fabrication. Then, if we con-
sider that there existsa small number of manu-
factures more unhealthful than that of the fulmi-
nating powders, and none more dangerous,
we shall see the utility of a work, the object
of which is to indicate all the peculiarities of
this fabrication, all its inconveniences and dan-
gers, and at last the improvements to be ap-
plied in the different processes.
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In 1810, a gunmaker of Paris, Mr. Prelat,
introduced in France a lock-plate constructed
on an English model, and in which the pow-

der, composed by Berthollet, was used for a

primer, that is a composition in which the
chlorate of potash took the place of ordinary
powder. This powder took fire by the shock
of a piston, on which fell the piece performing
the functions of a hammer,

At the same time Lepage began to dis.
tinguish himself amongst those who wero
trying to surmount the diflicultics connccted
with the use of primers inflammable by shock.

Deboubert constructed also an ingenious
gun; and in 1812 Pauly took out a patent for
a similar firec-arm which could bo loaded at
the breech, and among scveral advantages it
presented was that of not being liable to injury
from rain or dampness.

The following ycar these firc-arms were
improved, and in 1814 Brillat-Savarin an-
nounced that Pauly’s guns could be advanta-
geously used in the army.

Ilowever, notwithstanding the real advan.
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tages that the fulminating powders seem to
have as percussion powders, advantages pro-
claimed by all the savants, the sum of the in-
convenicnces outweighed the advantages.

Tho bad effects of the chlorate of potash
were indicated in 1812 by Regnicr, relatively to
a new rifle invented by Gossct: Regnier de-
clares that before this new gun could be of
any use it would be neccssary that the percus-
sion powders should combine scveral essential
qualities: 1st. Easy transportation without
danger; 2d. That they do not oxidize fire-
arms, as was the caso withchlorate of pot-
ash; 8d. That they do not absorb the damp-
ness of the air, a8 was the case with fulminate
of silver.

Its previsions arc now realized. In 1818
Lepage invented a new fowling-picce in which
the prime was not chlorate of potash nor ful-
minate of silver, but fulminate of mercury, and
-it is to the use of this compound that is due the
revolution operated in the fabrication of fire-
arms. From all the fulminates, that of mer-
cury is the only one now used.

L ”
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CHAPTER XXXVIIL
FULMINATING COMPOUNDS,

FULMINATING compounds are compositions
which detonate with great force by a blow or
by friction.

Many metals form such compounds which
are not used in the fabrication of percussion
powders, but we think it will interest the
reader to know how they are made.

FULMINATING ANTIMONY.

1

Take—
Tartar emetic . . 100 parts,
Powdered charcoal . 3 4

Triturate together, put the mixture into a
-erucible filling it # full, cover with a layer of
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charcoal, lute on the cover, expose three hours
to a strong heat in a reverberatory furnace,
and let it cool six or seven lioqré. Transfer
the solid contents as quickly as possible to a
wide-mouth stoppered bottle, where after some
time it will spontaneously crumble down into
a powder.

1L,
Take—
Antimony . . . 100 parts,
Carburetted cream tartar 756 «
Lampblack . . . 12 «

Operate the calcination as above.

When the above processes are properly
conducted, the resulting powder contains po-
tassium and fulminates violently in contact
with water. A picce the size of a pea intro-
duced into a mass of gunpowder, explodes on
being thrown into water, or its being moistened
in any other manner.,
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FuLMINATING Bsuurm.
Take— :
Bismuth e+ .« 120 parts,
Carburetted crcam tartar 60
Nitre . . . . 1part.

Operate as above,
It is very rich in potassium, and very ex-
plosive.

FuLMINATING COPPER.

Digest precipitated copper with fulminate of
mercury or silver, and a little water. It forms
solid green crystals that explode with a great
flame. ‘

FuLMINATING GOLD.

1st. Take: Recently precipitated peroxide
of gold, and digest it for 21 hours in strong
ammonia. Dry the resulting fulminate in the
open air, or at a temperature below 180°, care
being taken to avoid the slightest friction, lest
it should explode. It is a deep olive-colored
powder.
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2d. Digest the terchloride of gold in an ex-
ccss of ammonia, It is a brownish-yellow
powder.

8d. Dissolve gold in the following: aqua
regia, sal ammoniac, 4 parts; nitric acid 12 to
16 parts, and precipitate with a solution of
carbonate of potash.

This compound can be safely made only in
very small quantitics at a time. Without
great care it explodes with violence. This is
caused by the slightest friction on sudden in-
crease of heat Its fulminating propertics may
be destroyed by boiling it in pearlash, lye, or
weak sulphuric acid ; and by heating the residue
after washing it in water pure gold will be

obtained.
FULMINATING PLATINUM,

Treat the sulphate of platina with an excess
of ammonia. It is similar to the gold salt.

FuLMINATING ZINC,

Operate as for the fulminating copper; digest
together fulminate of silver, zinc filings, and
a little water.
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FULMINATING SILVER.

1. Digest oxide of silver (recently precipi-
tated and dried by pressure between bibulous
paper) in concentrated ammonia for 12 or 16
hours; pour off the liquid, and cautiously dry
the black powder in the air in divided por-
tions. The decanted ammoniacal liquor when
gently heated yields on cooling small crystals,
which possess a still more formidable power
of detonation than the black powder, and will
scarcely bear touching, even while under the
liquid.

2. Dissolve chloride of silver in strong am-
monia, cautiously add pure potash in fragments,
and when effervescence ceases decant the fluid
portion, and wash and dry the powder as
before. It is slightly less powerful than the
last.

3. Pour one ounce of alcohol on 100 grains
of powdered nitrate of silver, previously placed
in a capacious flask or beaker glass, and shortly
afterwards add one ounce of strong nitric acid.
As soon as all the powdered nitrate assumes
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the form of white clouds, add cold distilled
water enough to suspend the ebullition. Col-
lect the powder on a filter, and proceed as
before.

4. Take 50 grains of metallic silver, dissolve
it in § ounce of nitric acid at a specific gravity
1.37, and add to the solution still hot, 2 ounces
of alcohol, and apply heat until reaction com-
mences; the fulminate slowly separates from
the hot liquid under the form of small, bril-
liant, white, crystalline plates, which after
being slightly washed with a little cold distilled
water, are distributed upon scparate pieces of
filtering paper, in portions not excceding 1 or
2 grains, and left to dry in the air. When
dried, the papers are carefully folded, and pre-
served in boxes or bottles.

5. Take 1 part silver, and dissolve it in 10
parts of nitric acid at a spec. grav. 1.87, add
the solution to 20 parts of alcohol at 85°, apply
gentle heat till the liquid begins to boil, re-
move from the fire and sct aside to cool. The
fulminate of silver deposits in lustrous snow
white, acicular crystals, and when washed and
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dried, equals in weight that of the silver em-
ployed.

The fulminate of silver occurs either in the
form of a dark colored powder, or small bril-
liant, acicular crystals or crystalline plates, ac-
cording to the mode .of preparation. It dis-
solves in 86 parts of boiling water, but the
solution deposits the greater portion of the
fulminate as it cools. It is one of the most
dangerous substances for which we are in-
debted to chemistry. It explodes with unpa-
rallelled violence by the siightest friction or
percussion, or when touched by sulphurie acid.
This occurs even when it is moist, if it is
pressed by a hard body, and when dried, the
touch of a feather is often sufficient to explode
it. Its explosive tendency is so great that it

can hardly be made, handled, or kept with
" safety.
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CIAPTER XXXIX.

FULMINATE OF MERCURY,
PREPARATION.

TrE following process has been indicated
by Mr. Gaultier de Claubry.

The mercury is dissolved by nitric acid in a
glass flask with a ghort neck; the liquid must
fill it quite %ds, as it disengages a great quantity
of nitrous vapors. The flask is placed under
a chimney with a good draught. If there be
no chimney the operation is performed in the .
" open air, and a weak clevation of temperature
is nccessary. The proportions used are gene-
rally 1} pounds of mercury and 18 pounds of
acid. _

The dissolution is divided into 5 glass flasks
to opcrate the mixture with alcohol. For this
purpose, when the dissolution has a yellowish
shade, the mercury having disappeared, leave

it to cool for 8 or 10 minutes, and pour it into
17
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the flasks. In the b flasks distribute 8 or 10
quarts of alcohol at 95°; often a very quick
reaction is produced, and the fulminate de-
posits. The operation is achicved when it
does not disengage any vapor, and when the
liquid becomes limpid. In many cases it is
necessary to put a little fire under the flask in
order to determine the reaction. In both cases
there is a great disengagement of vapor, the
action of which on the animal economy is very
strong. It can, however, be condensed with a
receiver, into which will be found a certain
quantity of mercury, alcohol, a kind of ether,
and several other products.

When the fulminate is well depjsit.ed, sepa-
rate the mother water, and reunite it in two
flasks in which a new quantity separates,

Pour the fulminate into a wooden bowl, and
after decantation wash it with about } of its
volume of cold water.

The most convenient process is the one
adopted in England, and indicated by Dr. Ure.
It gives the largest proportion of fulminate,

Dissolve at a gentle heat 100 parts in weight



FULMINATE OF MERCURY, 259

of mercury in 1000 parts of nitric acid at a
spec. grav. 1.40; pour the dissolution, previously
carried to 181°, into 8§30 parts of alcohol of a
density of 0.83. By mcasuring it takes one
vol. of mercury, 7} of nitric acid, and 10 of
alcohol.

Dissolve the mercury in the acid in a tubu-
lated glass retort, the neck of which commu-
nicates with a glass receiver surrounded by
cold water, to collect the distilled vapors.

The condensed liquid is poured back into
the retort. When all the mercury is dissolved,
and the temperature is at 131°, pour slowly
the solution into the alcohol contained in a
glass flask, the volume of which must be at
Jeast six times as great as the liquor it has to
contain. A few minutes after there begins,
from the bottom of the flask, a light disen-
gagement of gas, the quantity incrcases by
degrecs till it produces a quick ebullition; it
disengages by the neck of the flask a thick
and whitish vapor forms, the greater part of
nitrous cther, easy to inflame.

Some have tried to condense the part of the
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mercury mechanically carried away by this
vapor; for this purpose they passed the vapor
through a solution of subcarbonate of soda’
but as this process rendered the formation of
the fulminate more difficult, and altered its
quality, it has been abandoned.

When the ebullition and disengagement of
vapors have stopped, throw the whole on a
filter, and wash the precipitate with pure and
cold water until the washing water has no
action on litmus paper. Take the filter,
spread it upon a plate of copper heated by
steam below 212°, Divide the dry precipitate
into portions of 1} to 1} drachms; shut it up
in a paper, and afterwards in a large glass
bottle.

By the above process Ure obtains from 100
parts in weight of mercury, 130 parts of ful-
minate; then as 100 parts of mercury corre-
sponds to 142 of fulminate, the loss is of 8}
per cent. of the mercury employed.

On a warm, clear day, one man with two
assistants can make, and partially wash, one
hundred pounds of fulminate in 10 hours,
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COAPTER XL. -

PHYSICAL AND CHEMICAL PROPERTIES OF THE
FULMINATE OF MERCURY~— CONDITIONS OF °
EXPLOSIBILITY,

THE well prepared fulminate of mercury is
in the form of bright, little crystals of »
brownish-gray color; they appear transparent
when placed on a glass watch-crystal and
humected with a few drops of water. They
dissolve without residue in 130 parts of boil-
ing water, and the solution deposits crystals
by cooling. ‘

The fulininate of mercury decomposes with
flame and ecxplosion, by a shock, or when
heated at 870°, It disengages nitrogen, car-
bonic acid, and vapors of water and mercury.

The conditions of explosibility in the fulmi-
nate of mercury are very important to study
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from the point of view of the salubrity., Thus
we would remark that the explosion is much
more easy under the influence of the shock,

when the striking bodies are harder. The

shock of wood against wood, or even iron
against wood docs not dctermine the explosion,
It occurs very rarely between iron and lead;
oftener, but with difficulty, between glass
and glass, marble and marble. It is always
produced between iron and iron, less easily
between iron and bronze, iron and copper; on
the contrary, by rubbing, it is easily deter-
mined between two wooden plates, less easily
between two iron or two marble plates.

The largest crystals are those which deto-
nate the most easily. When the fulminate
.of mercury is humected with 5 per cent. of
water, the part which is stricken alone deto-
nates, and the inflammation is not spread to
all the mass.

When you add 30 per cent. of water, you
can rub the fulminate, without any danger, on
a marble plate, ‘
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All these circumstances are important, and
ought to be known by every manufacturer,
foreman, workman, etc., for they furnish useful
information, and diminish the dangers of the
fabrication of the fulminating powders,
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CHAPTER XLI,

EXPLOSIONS—FIRES AND OTHER ACCIDENTS

. PRODUCED BY ETHEREAL FLUIDS OBTAINED
IN THE FABRICATION OF FULMINATES—
TREATMENT OF THE WOUNDED,

TWHEN the necessary quantity of mercury is
dissolved in the nitric acid, and the alcohol is
added, we have seen the production of a lively
reaction. The whole mass is strongly agitated,
it disengages very abundant ethercal vapors,
very inflammable, and have been often the
causc of yiolent fires. At the moment that
the mixture of nitrate of mercury, and alco-
hol produces the fulminate of mercury, the
glass flask, in which the operation is conducted,
may be broken, and the liquid fall into the
fire; however, we think that this accident can-
not result in any daugerous conscquences,
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because the comsiderable quantity of dissolu-
tion will extinguish the fire, and the flame of
alcobol inflame the powder with difficulty.
But there aro other dangers, more serious for -
the men, and which have their cause in the
ethereal vapors. It is very important to give
some details on this subject. Mr. Gaulthier
de Claubry has devoted to it a long paper in
the “Annales d'Iygitne Publique.”*

This chemist has added to his paper an ac-
count of the accidents which he has himself
passed through while preparing the fulminate,
“For the past three years,” says Mr. Gaulthier
de Claubry, “the fulminates have been pre-
pared in open retorts, the volatile products
spread in the atmosphere, and the men engaged
in that work have often complained of serious’
pains.”

In the instructions anucxed to his report,
Mr, De Claubry observes that when the al-
cohol acts on the nitrate of mcrecury, it disen-
gages a great quantity of vapor. The cffcet is

* October &, 1839,
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very decided on the animal economy, but, at
this epoch this action had not been studied, it
was later that some dreadful accidents led to
begin its examination. Indeed the volatile
products we have spoken of, were then without
use, but some manufacturers, to increase their
profits, tried to cmploy them, and onc of them
obtained a patent to extract the alcohol from
the ethereal fluids. This extraction has fur-
nished alcohol in a quantity sufficiently large
to introduce it in the trade. The process con-
sisted in saturating with chalk the condenscd
liquid, and distilling the liquor separated from
that product.

Mr. Gaulthier de Claubry, while visiting the
establishment in which this operation was
practised, learned from the manufacturer him-
self, that a man, while saturating the liquor
with chalk, had been suffocated, and another
trying to take him away had been nearly suf-
focated himself. The first had caused a great
deal of uneasiness, on account of the violent
nervous accidents which were manifested a
short time after fainting away, and he was
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sick several hours, “I interrogated this man,”
says Mr. Gaulthier de Claubry, “to know the
kind of pain that he expericnced. Ie could
not tell me anything but that he was taken
immediately with a violent headache; that hia
strength left him; he cannot characterize the
odor of the vapors,

“While there I made a saturation. The
cthereal liquid was in a pan, the chalk was
thrown into it and stirred with a long pole.
The men kept away from the vapors, and ad-
vised me not to go near by. I examined care-
fully the odor discngaged, and that of hydro-*
cyanic acid was very manifest. I was imme-
diately taken with a violent headache, which .
dissipated only after a night's rest.”

These observations caused Mr. de Clau-
bry to study more attentively the ethereal
vapors we speak of. Ile ascertained that the
products of the condensation on which they
operate with chalk, have an agreeable smell of
nitrous acid, and when they are inhaled for
some time they occasion a painful sensation and
headache. '



268 FULMINATING POWDERS, ETC,

Maving treated with water the liquid pro-
duct of the condensation, it separates a more or
less considerable quantity of a yellowish liquid,
having a strong odor of nitrous cther. Ilaving
tried to reunite a certain quantity with a littlo -
pipette, after two or three operations he ex-
perienced a whirling and a painful scnsation
of tightening in the head and the breast. “A
drop of the liquid having touched my tongue,”
says he, “the pains became very strong, and
the surrounding objects appeared to me as
through a fog; a tingling in the ear added to
these effects, After a few seconds a shivering
of the limbs was manifested, and I expericnced
the beginning of “fainting. A bottle full of
ammonia was near me; I had strength enough
to open it and smell it, which revived me.

“The pain in the breast was then very
violent, that in the head insupportable; I per-
ceived the surrounding objects, and I breathed
with difficulty. I then left the laboratory.
The cephalalgy continued for 24 hours, and I
was well again after three days.”

Strictly speaking, we can assimilate to those
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effcets only thoso produced by the gaseous hy-
drocyanic acid. While, however, there are
some differences in all the poisoning cases
we have observed, we have never seen that
pain at the posterior part of the head on which
Mr. Gaulthier de Claubry insists.

The ccphalalgy is often noticed, but the seat
is not indicated. It is an important question
to study.

Since the attention of the scientific world
has been called to the effects produced by the
inhalation of ether, it is very probable that the
effccts, observed in the manufacture of fulmi-
nates, arc produced independently of the hy-
drocyanic acid, by vapors of ether.

Without doubt, nitrous ether, the odor of
which predominates in those vapors, plays an
important part in the production of the phe-
nomena, for ncarly all the effects mentioned by
Mr. Gaulthier de Claubry have been observed
as a sequel of the action of sulphuric ether.

What is the treatment to which the work-
men, who experience the above accidents, are
to be subjected?
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It is evident that the precepts established
by Orfila in cases of poisoning by hydrocyanic
acid* must be followed. Ile says that the in-
spiration of a slightly ammoniacal water cures
poisoning by this acid by stimulating the ner-
vous system.

Mr. Simon has proposed chlorine as an an-
tidote of hydrocyanic acid, and Orfila has
shown that chlorinated water administered,
even five minutes after poisoning, revives life.

In every case the action of fresh air is useful;
it is then necessary to carry the person imme-
diately to the open air, and far from the place
of operation,

Happily, those accidents are now very rare,
or rather are without examples. Nevertheless
the dangers to which the workmen are exposed
have attracted the attention of chemists, and
we owe to Mr. Chaudelon the construction of
an apparatus destined to avoid them.t

* Annales d'Hygiine, vol. i.
t Annales d'ITygitne, January, 1847, page 216.
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This apparatus, represented below, is com-
posed :—

Fig. 11.

>/ m/ /////0/// ////.J I/
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1st. Of two glass balloons, 4 of 10 gallons
capacity resting on a frame, and in which are
introduced the matters proper to prepare the
falminate of mercury. Each of these balloons
has on the upper part of its ncck a wooden
collar B, covered with a shect of lead, and
adapting very tightly the collar by its circular
groove a, forming a hydraulic fastening with
the pipes C,C, which join the balloon to the
apparatus - of condensation, These tubes are
supported by iron rods fixed in the floor of
the room,

2d. Of a scrics of four carthen demijohns,
'D,D,D,D, provided at their Jower part wit); g
cork E, and carrying at their upper part tubu-
latings, A,hh%, with hydraulic fastenings, in
which adapt the earthen tubes G, G, G, @, which
. put all the demijohns in communication. Each
demijohn has a capacity of about 22 gallons.
The first has three tubulatings, the others have
only two.

3d. Of an earthen pipe 7, fixed in the wall,

and carrying the deleterious vapors in the
chimney.
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4th, Of an earthen pipe F, fixed in the floor
of the shop, and receiving from each cork the
liquids condensed in the demijohns to conduct
them in the saturating pan, which is outside of
the room in the open air.

The apparatus being ready to work, pour in
each tubulating & the nccessary water to fas-
ten; take out the pipe C, and introduce in one
of the balloons 1} gallon of alcohol at 95°.
Dissolve scparately 12 ounces of mereury in
8} pounds of warm nitric acid at 3G° when
the dissolution is achieved, and the temperature
is at 176°, pour it into the balloon containing
the alcohol. The pipe € being put back to
its proper place, fill with water the groove of
the collar, and leave the operation to itself.
A few minutes after the reaction begins, and
the vapors pass through the demijohns in which
they condense. The portions which escape
the condensation are carried away through the
chimney. A

During the operation the assistant has to
pour from time to time cold water into each
tubulating, to take the place of that which has

18
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grown warm. When the reaction is achieved,
take out the pipe C, being careful to shut im-
mediately with a glass bell the tubulating left
open, and proceed with the second balloon to
the next operation. 1Vith the above propor-
tions you obtain 20 ounces of damp fulminate,
or 15 ounces when dry, and 8} quarts of con-
densed liquor.
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CHAPTER XLII.

PRESERVATION OF TIE FULMINATE OF MER- -
CURY. '

TgE fulminate of mercury prepared, as we
have said above, is put away, and can be kept
any length of time. This preservation requires
great care. Generally the fulminate is depos-
ited in a wooden tube, and kept under water.
The tube must be covered with a black oil
cloth covercle fixed on a barrel hoop larger
* than the tub, the edges being well fixed by
méans of little nails in the inside of the hoop.
It is the oil cloth itself which must rest on the
edges of the tub. In this way it covers it uni-
formly, and if any particles of fulminate become
attached to it, it is very easy to take it out by
using & damp sponge. The tub is thus not
liable to many of the chances of accident which
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might proceed from the use of a wooden cover-
cle, or the fall into the fulminate of some foreign:
matters. It is principally during the cleaning
of the room that the tub must be covered. A
few grains of a hard matter would.cause the
detonation of the whole.

We cannot insist too much on the necessity
of keeping the fulminate always covered with
sufficient water, and when any is taken out, be
careful not to have any part adhering to the
edges of the tub,
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CIIAPTER XLIIL
PREPARATION OF PERCUSSION POWDER,

To make the mixture of the fulminate of
mercury with the nitre, they generally take
the latter one into small pieces, and grind it
with the fulminate. To manufacture in such
a manner is very dangerous, also it is very
important to observe all the directions pre-

viously given, and which consist in the use of

the mitre previously reduced to a fine powd r, and
being careful to slightly humect it after having
spread it on a large surface. This done, throw
on it the fulminate, which is mixed with a
wooden or horn spatula. The grinding is ef-
fected on a polished marble table, three feet
by six. Black marble is preferable to white,
because the powder remaining on some places
can be more easily distinguished.
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To effect the grinding, begin to raise the
substances with the spatula, and terminate
the operation with a wooden roller. The best
wood to use is the boxwood. This operation
must be done very carefully, and the grinding
must be slightly and carefully done to avoid
dctonations, which are, of course, more dreadful
as the quantitics are more considerable. The
marble and the paste must always be damp,
for after a certain degrec of desiccation, the
explosion will be unavoidable, even with a
very light pressure. It is well understood
that it is necessary to operate on small masses
at a time, and divide into small fractions the
prepared fulminate. The quantity of nitre is
half that of the fulminate, the mixture thus
consisting: 2 parts of fulminate for 1 of nitre.

The mixture being made, take the Ypaste
with the spatula, but whatever be the care
taken, it is impossible not to leave on the table
a little fulminating matter that the desiccation
will render explosive. We shall repeat here
what we have said about matches. The table
must be immediately washed with a sponge,
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and as the sponge itself will have adhering to
it fulminating matters, wash it well in a pail
of water, It will be dangcrous to crush di-
rectly the little grains obtained during the
above operation. By thus operating, accidents
can be avoided. The following is the way
to trcat thosc grains without any danger.
Wet with a sponge a varnished jar, throw into
it the damp powder, some mist of the same
operation, then the grains that you cover with
some damp powder.

Leave the mixture all night, and the next
day, raise the matter with the hand, and with
a spatula carefully operate the mixture.

That paste is divided on blotting paper, and
carried to the drier.
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CHAPTER XLIV.

CORNING OF THE POWDER-— DESICCATION —
'SEPARATION OF THE POWDER FROM THE
MIST-—PRESERVATION OF THE POWDER.

CORNING OF THE POWDER,

WHEN the fulminating matter has been suf-
ficiently drained in the dryer, corn it on a hair -
sieve fixed above a wooden table, by pressing
it slightly with the fingers. This dangerous
operation requires as much precaution as
above. Too great a friction, especially if it be
in the mass some parts too dry, will produce
an explosion,

Thus, notwithstanding cvery care, the mass,
which is sifted, can easily arrive at a degree of
desiccation which renders it dangerous; it is
very important to put on the sicve but very
little powder; and, after each operation, dip
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the sieve into water, and before sifting, when
there has been a certain interval betwecn the
two operations.

Wo have said that the corning is done on a
wooden table. We think it will be better to
cover that table with a black oil oloth well
spread, which permits observation of the small
quantities of powder which can be ‘taken out _
easily with a damp sponge. The operation
will be less dangerous by spreading under the
oil cloth two or three thick woollen shects, on
which the shock of the sieve or other hard
body will be without inconvenience.

The corned powder, mixed with mist, is
poured into a shect iron box of 12 to 14 inches,
the angles are covered with wood to avoid the
particles of powder penetrating into the cor-
ners.  Shake this powder to give it a little
consisteney, and it is good to cover the insido
of the box with sheet-tin to render tho clean-
ing more casy. At last, to avoid explosions
which might be produced by grains of powder
interposed between the coverele and the box,
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it is essential to cover the edges with a lamina
~ of lead } of an inch thick.

DEsiccaTION.

To dry the corncd powder, put it on shects
of gray paper, in boxes made of white wood,
“which are carried into the oven, and disposed
on shelves.

SEPARATION OF THE POWDER AND THE MIST,

When the powder is sufficiently dried, it is
carried back into the corning shop, where it is

pourcd on a hair siecvo which scparates the
mist,

PRESERVATION OF THE POWDER IN THE
MAGAZINE,

When the separation of the powder and the
mist is effected, put the powder into bottles
which must not contain more than 10 pounds.
These bottles must be surrounded by braids of
cane covered with a skin, and placed on shelves
conveniently disposed.

When you want to use the powder to pre-
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pare the caps, begin to transvase it; pour it
with a paste-board funocl from the bottles
which contain it into small bottles of varnished
leather. They are carricd into the shop, and
placed in a box covered with leather, ncar
cach woman who uses it according to wants.
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CHAPTER XLV.
FABRICATION OF PERCUSSION CAPS.

THE cap for small arms is made of copper.
It is very slightly conical, with a rim or flange
at the open end. It has four slits extending
about half the height of the cap.

The cap is charged with the above percus-
sion powder. To protcct the powder from
moisture, and also to sccure it from falling out,
it is covered over, in each cap, with a drop of
pure shellac varnish.

The copper for making thc caps is obtained
in sheets, 4 feet long and 14 inches ‘wide,
weighing 3 pounds; a variation of 4 ounces,
more or less, is allowed. The copper should
be pure, frec from scams, holes, or blisters,
well annealed, and as evenly rolled as possible,
with straight and smooth edges.
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The copper is cleaned by immersion in a
pickle, made of 1 part in measure of sulphuric
acid, and 40 parts of water; it is scoured with
finc sand and a hand-brush, and washed clean
in running water, after which it is well dried
in clean sawdust, and rubbed over with a cloth
slightly oiled, when it is ready for the ma-
chine.

MAKING AND FILLING THE CAPS,

Both of these operations are performed by
the same machine. The sheet of copper is ad-
justed on the table of the machine. The hop-
per is filled with the pcrcussion powder, and
the machine put in motion. .

The star or blank is cut by a punch, and
transferred to a die where it is formed into a
cap by a second punch. The cap is caught in
the notches of the revolving horizontal plate,
and carried, first under the hopper containing
the percussion powder, where it rcceives its
charge of } a grain, and then under a punch
which drives the charge firmly into the cap,
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and lastly, to the drop hole, where it falls into
the receiving drawer.

The hopper is supplied, from time to time,
from the } pound box, while the machine is at
rest, using a small copper scoop for the pur-
posc, and the box returned to its special closet, -
at least one yard from the machine and above
its level, before the machine is put in motion,

As a cap is occasionally exploded under the
punch in charging, all dust of percussion pow-
der should be frequently removed, and only a
small quantity of percussion powder kept in
the hopper. The recciving drawer should be
emptied after each sheet of copper is completed.
2314 caps are made from each sheet 48 inches -
long and 14 wide.

The average work of ten hours, including
all necessary stoppages, is 31,000 caps for cach
machine.

PREPARATION OF THE VARXISH.

Dissolve 1 pound of the best gum shellac in
1 quart of rectificd alcohol at 95°. The solu- -
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tion is made most readily at a temperature of
about 120°, It must be stirred frequently till
all the gum is dissolved. It is made and fit
for use in four hours, :

The varnish is best made and kept in glass
vessels. 1 quart of aleohol and 1 pound of shel-
lac make 1.46 quart of varnish; a small quantity
of alcohol is occasionally added to thin the
varnish when it is used.

Llightecn quarts of varnish are required for
1,000,000 caps. Two quarts of alcohol are
required for thinning the varnish,

VARNISOING THE CAPS.

The caps are put into holes in counting
plates, made of sheet brass, 15 inches by 12
inches, 0.5 inch thick, held in a frame of
brass rods .35 inch square. This is quickly
done by taking a parcel of caps on the plate,
and shaking it sideways; the caps scttle them-
sclves on the holes. When the plate is filled,
the defective caps and those which have lost
their charge are casily detccted by the eye,
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and are replaced by perfect oncs. The plate
is placed on its bed in the varnishing machine,
which is worked by hand, and each row of
caps is brought in turn under a row of wires,
which are alternately dipped into a pan of var-
nish, and then into the caps, leaving in each a
- drop of varnish.

The quantity of varnish placed in each cap
can be regulated by tho sizo of the wires, or
by the depth to which they enter the varnish,
The caps remain in the plate thirty to forty
minutes, when the varnish is sufficiently sct to
allow of their being turned into a tray for dry-
ing. These trays are of wood, 1} foot long,
1 foot wide, and 1 inch deep, and contain 2500
caps. The caps remain in the trays for three
days, in a room heated to about 100°. They
are then put into bags, and kept at the same
temperature for ten days longer before they
are packed in boxes,

One boy can count and varnish 7000 caps
“in an hour.
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MATERIALS REQUIRED FOR 1,000,000 CAprs*
For the Cups.

1800 pounds of sheet copper, of which about
# is returned in scraps.

For the Powder.

Mercury . . . 421bs

Nitric acid . . 836 «

Alcohol . . 382

Nitro X I
For the Varnish,

Gum shellae « 10 1bs..
Aleohol . . . 12 quarts.

For Bugs,
81 yards of cotton duck, .75 yard wide.

For Doxes.
150 feet of white pinc board.

Expericnce has shown that it is not safe to try
to wash the percussion powder from partly filled

* Orduance Manual, 1861,

19
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caps. A lot of unvarnished caps, imperfectly
filled, being soaked in water for several days,
became coated with a substance much more
" explosive than the original fulminate. The
percussion powder must be burned, and the
cap polished by rolling in a dust barrel.

FricTIoN PRIMER FOR CANNONS,

The friction primer for cannons is a small
brass tube filled with gunpowder, which is
ignited by drawing a rough wire briskly
through friction composition, contained in a
smaller tube inserted into the first near the
top, and soldered at right angle to it. A lan-
yard with a hook attached is used to ignite
the primer.

The friction composition is made of—

Sulphuret of antimony . . ., 2 parts,
Chlorate of potash « « .« 1lpart,

Moistened with gum water, 50 grains of
gum Arabic in 2 ounces of water to 1 pound of
composition.
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The materials are first pulverized separately,
mixed together dry, moistened with the gum
water, and ground in an iron mill, such as is
used for grinding paints,

The friction primer is composed of 1 large
tube, 1 short tube, 1 wire rubber, friction composi-
tion, musket powder and waz.

The long tube is made from a circular disk
of No. 19 sheet brass, 0.62 inch in diameter,
by means of a scries of five punches and dies,
gradually diminishing in size to the last which
is of the required size with the tube. The
brass must be annealed before each punching,

The tube is cut to the prescribed length,
measuring from the closed end by means of a
circular saw, and the holes for the short tube
and wire rubber are drilled, and the burrs re-
moved. Length of the long tube 1.75 inch ; ex-
terior diameter 0.19 inch; interior diameter 1.756
inch; diameter of holes 0.15 inch, and 0.06 inch.

The short tube is formed from the long one
by using two additional punches and dies, re-
ducing the size each time. It is cut to the
proper length by circular saws placed at the
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required distance apart, and the burr removed
by rolling in a barrel. Length of the short
tube 0.44 inch, exterior diawmcter 0.15 inch,
interior diameter 0.183.

" One end of the short tube is dipped into a so-
lution of chloride of zinc, inserted in the holo
drilled in the long tube, heated to redness in
the flame of a spirit lamp, and soldered with
soft solder; it is then washed and dried.

The wire rubber is made of No, 16 brass
wire annealed, cut to tho proper length, and
pressed flat at one end by a machine for that
purpose. The flat end is trimmed by a punch
and die with dentated edges, and the tip is an-
ncaled in the flame of a spirit lamp. Length
of wire 8.4 inches, length of flattencd end 0.65
inch.

CHARGING AND VARNISHING.

The small tube is charged by pressing the
open end in the friction composition spread on
a flat piece of iron, and brought to the consis-
tency of soft putty, the long tube being closed
its whole length with a wooden or metal plug.
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A conical holo is made in the composition
while yot moist, with a conical drift, and the
surplus composition removed; the wire rubber is
passed through the short tube and through the
small hole in the long tube, the round end first,
leaving the annealed tip projecting out of the
open end, which is then closed by pressing the
top and bottom together firmly with pincers,
and bending the tip against the bottom,

Tho end of the wire rubber is doubled on
itself and twisted, leaving a loop 0.2 inch
diameter, and then bent alongside the long
tube for packing,.

The head of the long tube, including the
short tube and the joint, is dipped into shellac
varnish colored with lampblack.

When dry, the long tube is filled with mus-
ket powder, and cleared with beeswax mixed
with one-third its weight of pitch.

Both ends are touched with varnish, and tho
tube thoroughly dried.
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MATERIALS REQUIRED FOR 10,000 FRICTION
PRIMERS,

66 1bs, sheet brass No, 19, ) about 36} 1bs, ro-

20 1bs. brass wire No. 16, } turncd in scraps.

1.25 1b. solder.

2.33 1bs, chlorate of potash.

2.66 lbs. sulphurect of antimony.

0.65 1b. beeswax and pitch,

11.00 1bs. musket powder.

1.25 quart varnish (0.75 1b. shellac, 1 quart
~ of alcohol, 0.25 ounce lampblack).

44 sheets of common tin are required for 100

tin boxes,
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CHAPTER XLVIL

APPLICATION OF GUN COTTON AND PAPER TO
THE FABRICATION OF CArs,

SINCE the discovery of pyroxylic products,
the question relative to the fabrication of caps
can be considered in a new aspect.

Will it not be possible to supersede the use
of the fulminate of mercury in the fabrication
of caps?

If tho facts are not numerous yet, and if the
experiment is not suflicient enough to answer
this question, the experiments of Mr., Pelouze
descrve great attention,

At a mecting of the Académie des Sciences,
this savant speaks thus: —

“If we put a small quantity of nitric paper
or gun cotton on an auvil, and strike it with a
hammer, a detonation is heard; a great part of
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the matter has not been burned, and to have a
complete inflammation the percussion must be
repeated several times. The same thing oc-
curs when the pyroxyline is introduced into a
cap and tried in a gun. The greater part of
the substance is not destroyed, and obstructs
the chimney. The inflaimmation thus stopped
is rarely communicated to the powder, princi-
pally when it is ordinary powder.

“It is probable that by modifying the chim-
ney this defect could be avoided, and it could
be possible to overcome the disadvantages
connceted with the pyroxyline in the stage of
disaggregation in which it is found in the cotton
or paper. In either case this matter was used
alone to prepare percussion powder. By sub-
stituting for the paper or cotton the pyroxyline
prepared with very fine tissues of hemp, linen,
and introducing these substances into the caps,
a detonation as strong as with the fulminate
of mercury is produced.”

The opinion of Mr. Pelouze was not adopted
by every chemist, and Mr. Dumas again called
attention to the fact that the pyroxyline by
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burning in the open air gives nitrous vapors.
IIe observed that this powder used in the per-
cussion powder will inevitably form nitrous
acid ; and he was disposed to believe that fire-
arms cannot resist, that they will be quickly oxi-
dized if the fire is communicated by the py-
roxyline.

Mr. Pelouze made some new experiments. ITe
studicd the action of the new powder on fire-
arms, and his essays were repeated by several
manufacturers and a gunsmith, and the result
was shown to be that the pyroxyline has no
more destructive action than the fulminate of
mercury and the nitre, and this result, says
Mr. Pelouze, has nothing extraordinary. Why
nitrous vapors, by supposing some formed
during the combustion of the pyroxyline, which
is doubtful, be morc destructive to firec-arms
than the sulphuret of potassium, the formation
of which in barrels and chimney is consistent
with ordinary powder? A priori it is more
logical that the presence of an adliering solid
body ought to be more noxious than a gas.

Mr. ’clouze maintains that the difference cs-



298  FULMINATING POWDERS, ETC.

tablished by Mr. Dumas between tho combus.
tion in the barrel of a gun and that of the cap
could not exist.

New experiments, confirming those of Mr.
Pelouze, have demonstrated that if gun cotton,
used alone as percussion powder, has badly
succeeded, this cotton pressed with a few
grains of ordinary powder in new caps answers
very well; that the powder determincs the
combustion of the totality of the pyroxyline,
and the inflammation is communicated easily
to the charge. Charcoal and sulphur asso-
ciated with the pyroxyline have given very
good results,

Mr. Vrij, professor of chemistryat Amsterdam,
has ascertained that starch treated by mono-
hydrated nitric acid, swells, and is transformed
into xyloidine. As pyroxyline is soluble in
monohydrated nitric acid, if concentrated sul-
phuric acid is added to this solution, all the
pyroxyline is precipitated into a white pow-
der, which has all the primitive properties
except the form. The question which has not
been answered yet, is, whether this powder
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can be utilized in tho preparation of percussion
powder. ’

More could be said on this subject, but we
think it of no use to do so in advance of ac-
tual experiment. A time will come, we have
no doubt, at which this product will take the
place of metallic fulminates.
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CHAPTER XLVIL

DISPOSITION OF FACTORIES—PRESERVATION AND
TRANSPORTATION OF PERCUSSION POWDER
AND CAPS, '

As in the fabrication of matches, every room
must be isolated, indeed each one be a small
building composed of a single room, without
stairs, and of wood.

The room in which the fulminate is prepared
must not only be isolated, but also situated
at a great distance from the others, so that the
ethercal products, in case they take fire, can-
not communicate it to the other parts of the
establishment.

The barrels of alcohol must be kept scparate.
The magazine is constructed as far as possible
from the shop. The dryer and the room for
sicving are the parts of the cstablishment
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which require the most complete isolation.
Above all things the factory must be distant
from any other buildings.

It is very important to have no fire in the
rooms, and the light must be good enough not
to be under the nccessity of using any artifi-
cial light.

OvEN.—It is necessary to have the shelves,
which receive the powder very slightly ele-
vated, so that the boxes can be taken with the
‘hand without using a ladder. No work must
be done in the oven; the papers used to cover
the boxes are thrown into water acidulated
with hydrochloric acid, in case it be needed to
.collect the mercury.

StrriNg.—It is dangerous to use metallic
sicves, and they must be covered with a lead
band on their lower edge.

MagAzINE.—This part of the establishment
must have a double door with an intcrval
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between, and it must be provided with a light-
ning rod,

The powder contained in the magazine is
kept in wood or leather bottles, but green
glass bottles are better if they are surrounded
by cane braids, which present resistance enough
not to bréak in case of recciving a fall. . The
rule must be established that one person alono
has admittance into the magazine,

DecANTATION.—This is one of :Le operations
which require the most care, and it must be
done far from the magazine and in the open air.

With the precautions above indicated it is
easy to prevent those accidents which occur
during the different operations, principally the
grinding, sifting, and decantation.

The face of the man must be covered with
a light shield to prevent its being hurt in case
of explosions,

TRANSPORTATION OF PERCUSSION POWDER.

It is very important to have the percussion
powder prepared near the cap factory, because
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with all precautions, the damp fulminate may
produce very violent cxplosions, and be tho

- cause of serious accidents. Then we insist on
this point, that the percussion powder ought to
be manufactured near to the factory where it is
to be used.

We have said above that some manufac-
turers have tried to utilize the volatile product
resulting from the preparation of the fulminate.
This alcohol does not contain hydrocyanic
acid, but it requires great care and attention
to have none pass at the distillation.

This alcohol, according to Mr. Gaulthier de
Claubry, can be used over again in the prepa-
ration of the fulminates for making varnishes
and a few chemicals, but it is dangerous to
to use it to manufacture liquors, for without
doubt it acts as a decadly poison.

PacriNGg oF FRrIcTION PRIMERS FOR CANNON,

The tubes are first put up in bundles of ten
cach, wrapped in water-proof paper; ten bun-
dles arc packed in a tin box painted or ja.
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panned. 100 tin boxes are packed in a box
made of 1 inch white pine boards, dovetailed.

The contents of the tin box, place and year
of fabrication, are stamped on the lid, and the
number of the box marked on the front side.
The contents of the wooden box are marked
on each end.

Dimensions of the tin box, length 4.5 inches,
width 2.35 inches, depth 2.35 inches,

Dimensions (interior) wooden box, length
20.5 inches, width 12.00 inches, depth 9.5
inches. '

Weight of the box containing 100 primers,
8347 pound.

Weight of wooden box containing 10,000
priiners, 105 pounds.

PaAckixG oF PERcussIiON CAPS.

The caps are put into bags of strong cotton
duck, 10,000 in a bag, and ten bags are packed
in a wooden box. The box is lined with thick
paper, the bags are packed in tow, and the
cover is fastencd with six 2 inch wood screws.

DBags and Packing Boxcs.—The bags are 6
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inches in diameter, and 13.5 inches deep. They
are made with circular buttons, like cartridge
bags for fleld service.

They are marked with the number of the
bag, the contents, the place, and date of fabri-
cation.

The packing boxes are made of 1 inch white
pine, dovetailed; they have brackets for rope
handles on the ends, are painted olive color,
and marked on the ends with the number and
kinds of contents, and on the inside of the
corner with the place and date of fabrication.

Interior Dimensions—Length 28.75 inches,
width 12 inches, depth 8.5 inches. .

Weights of 1,000,000 caps, 944 lbs.; bags
with 10,000 caps, 9.625 bs; packing box, 25
lbs; box packed with 100,000 caps, 127 1bs.

TRANSPORTATION OF CAPS,

The boxes are carried into the store room,

and from there distributed for the consump-

“tion. The transport from the shop to the

store does not present much danger. It isa

well known fact, that in a box a cap may cx-._
20
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plode without communicating fire to the others,
Baut, if the accidents are rare, this transport
must be done carefully, and all we have said
about matches can be applied in this case.

The avoidance of accidents in their preser-
vation is worthy of much serious attention,
and the retailer must act with them, at least,
as carefully as with gunpowder. They must
be kept separate, and in places where there is
no danger of their falling down.



APPENDIX.

RECENT IMPROVEMENTS IN GUN COTTON.

AT the British Association meetings of 1862,
a committee of chemists and physicists was
appointed to inquire and report on the so-called
Austrian gun cotton, The report was published
in the last meeting by Dr. Gladstone and Mr.
J. Scott Russcll; and we think it will be inte-
resting to our readers to be acquainted with
the principal parts of this paper.*

* We are mainly indebted for the following pages to an
abstract of this report, given in tho “Annual of Scientifio
Discovery,” 1864, p. 47, and to an able and interesting ar-
ticlo on gun cotton in the “United States Service Maga-
zine,” April, 18G4, p. 345.
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CHEMICAL REPORT. .

Since the discovery of gun cotton by Schon-
bein its application to war purposes has been
frequently thought of, and many experiments,
with a view of using it, have been made, espe-
cially by the French. Such scrious difficultics
have, however, presented themsclves that the
idea gradually came to be abandoned every-
where but in Austria. Ilcre cxperimenting
was kept up, and it having been reported on
good authority that the experimenters had sue-
ceeded in overcoming many of the difliculties
encountered elscwhere, tho committee of the
association applied to the Austrian Govern.
ment for information, which was farnished to
them. The following is a summary of the
morc important facts elicited. In the first
place, the gun cotton prepared by Baron Von
Lenk, the inventor of the Austrian system,
differs from the gun cotton generally made in
its complete conversion into a uniform chemi.
cal compound. It is well known to chemists
that, if cotton is treated with mixtures of stroeg
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nitric and sulphuric acids, compounds may be
obtained varying considerably in composition.
Though they all contain the clements of nitric
acid, and are all explosive. '

There i3 onc part of the process not yet
alluded to, and the value of which is more
open to doubt. The treatment of the gun

cotton with a solution of silicate of potash, com-
" monly called water-glass. Some Austrian che-
mists think lightly of it; but Von Lenk considers
that the amount of silica set free on the cotton
by the carbonic acid of the atmosphere is really
of service in retarding the combustion. lle
adds that some of the gun cotton, made at the
imperial factory, has not been silicated at all,
and some imperfectly; but when the process
has been thoroughly performed, he finds that
the gun cotton has increascd permanmtly
about three per cent. in weight.

It scems a disadvantage of this material as
compared with gunpowder that it cxplodes
at a temperaturc of 277°; but, against the
greater liability to accidents from this cause
may be set the almost impossibility of explo-
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sion during the process of manufacture, since
the gun cotton is always immersed in liquid,
except in the final drying.* Again, if it should
" be considered advisable at any time, it may bo
stored in water, and only dried in small quan.
tities as required for use. The fact that gun
cotton is not injured by dampness like gun-
powder, is indeed one of the recommendations,
while a still more important chemical advan.
tage, which it posscsscs, arises from its being
perfectly resolved into gases on explosion, so
that there is no smoke to obscure the sight of
the soldier who is firing, or to point out his
position to the enemy, and no residuum left in
the gun to be got rid of before another charge
can be introduced.

* In ten years’ experienco it is proved that this tem-
per:iture is sufficiently high to insure safety of manipu-
lation: 2770 is an artificial temperature; and artificial
temperatures, accidentally produced, are generally high
enough to ignite gunpowder. The greater liability to
accident from this cause can, therefore, scarcely be ad-
mitted.
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PraYsICAL REPORT,

Mr. Russell stated that greater effects are
produced by gases generated from gun cotton
. than by gases from gunpowder, and it was
only after long and carcful examination that
the committce were able to reconcile this fact
with the low temperature at which the me-
chanical forco is obtained. The great waste of
forco in gunpowder constitutes an important
difference between it and gun cotton, in which
there is no waste, The waste in gunpowder
is 68 per cent. of its own weight, and only 32
per cent. is useful. This 68 per cent. is not
only waste in itself, but it wastes the power of
the remaining 32 per cent. It wastes it me-
chanically by using up a large portion of the
mechanical force of the useful gases. The
waste of gunpowder issues from the gun with
much higher velocity than the projectile, and
if it be remembered that in 100 pounds of
useful powder this is 68 pounds, it will appear
that 32 pounds of uscful gunpowder gas is
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wasted in impelling a 68 pound shot composed
of the refused gunpowdecr itself.
There is.yet another peculiar foature of gun

cotton. It can be exploded in any quantity

instantancously. This was once considered its
great fault, but it was only a fault when we

" were ignorant of the means to make that ve.

locity anything we pleased. Baron Von Lenk
has discovered the means of giving gun cotton

any velocity of explosion that is required, by

merely the mechanical arrangement under
which it is used. Gun cotton, in his hands,
has any.spccd of explosion, from one foot per
second to one foot in yg%sy Of & second, or to

instantaneity. The instantaneous explosion of
a large quantity of gun cotton is made usc of

when it is required to producc destructive
effects on the surrounding material. The slow
‘combustion is made use of when it is required to
produce manazeable power, as in the case of
gunnery. It is plain, therefore, that if we can

explode a large mass instantancously, we get

out of the gases so cxploded the greatest pos-
sible power, because all the gas is generated
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before motion commences, and this is the con.
dition of maximum oftect, It is found that the
condition necessary to produce instantancous
and comploto explosion ia the absolute por-
fection of closcness of the chambor containing
the gun cotton. The rcason of it is that, the
first ignited gases must penctrate the whole
mass of the cotton, and this they do, and create
complete ignition throughout only under pres-
sure. This pressure need not be great. FYor
-example, a barrel of gun cotton will produce
very little effect and very slow combustion
when out of the barrel, but instantaneous and
powerful explosion when shut up within it.
On the other hand, if we desire gun cotton to
produce mechanical work, and not destruction
of materials, we must provide for its slower
combustion. It must be distributed and
opened out mechanically, so as to occupy a
larger space, and in this state, it can be made
to act even more slowly than gunpowder, and
the exact limit for purposes of artillery Von
Lenk has found by critical experiments. In
general it is found that the proportion of 11



S14 APPENDIX,

pounds of gun cotton, occupying one cubic foot
of space, produce a greater force than gun-
powder, of which from 50 to 60 pounds occupy
the same space, and a force of the nature re-
quired for ordinary artillery. But each gun
and cach kind of projectile requires a certain
density of cartridge. Practically, gun cotton
is most effective in guns when used as } to }
weight of powder, and occupying a space of
145 of the length of the powder cartridge.
The mechanical structure of the cartridge is of
importance as affecting its ignition. The car-
tridge is formed of a mechanical arrangcment
of spin cords, and the distribution of these, the
manner and place of ignition, the form and
proportion of the cartridges, all afiect the timo
of complete ignition. It is by the complete
mastery he has gained over all these minute
points that Von Lenk is enabled to give to the
action of gun cotton on the projectile any law
of forces he pleases.

Gun cotton is used for artillery in the form
of a gun cotton thread or spun yarn. In this
simple form it will conduct combustion slowly
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in the open air, at the rate of not more than
one foot per second. This thread is woven
into a texture or circular web. These webs
are made of various diameters, and it is out of
these webs that common rifle cartridges are
made, merely by cutting them into the proper
lengths, and inclosing them in stiff' cylinders
of pasteboard, which form the cartridges.

In these cylindrical webs it is also uscd to
fill explosive shells, as it can be conveniently
employed in this shape to pass in through the
neck of the shell. Gun cotton thread is spun
into ropes in the usual way up to two inches
diameter, hollow in the centre. This is the
form used for blasting and mining pufposes; it
combines great density. with speedy explosion.

The gun cotton yarn is used directly to
form cartridges for large guns by being wound
round a bobbin, so as to form a spindle like
that used in spinning mills. The bobbin is a
hollow tube of paper or wood ; the object of
the wooden rod is to secure, in all cases, the
necessary length of chamber in the gun re-
quired for the most effective explosion. The
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gun cotton circular web is inclosed in close
tubes of India-rubber cloth to form a match -
line, in which form it is most convenient, and
travels with speed and certainty. In large
quantities, for the explosion of mines, it is
used in the form of ropes, and in this form it
is conveniently coiled in casks and stowed in
boxes.

As regards conveyance and storage of gun
cotton, it results from the foregoing facts, that
one pound of gun cotton produces an eflect
exceeding three pounds of gunpowder in ar-
tillery. This is a material advantage, whether
it be carried by men, horses, or in wagons,
It may be placed in store, and preserved with
great safety. The danger of explosion docs
not arise until it is confined. It may become
damp, and even perfectly wet, without injury,
and may be dried by mere exposure to the
air. This is of great value in ships of war,
and, in case of danger from fire, the magazine:
may be submerged without injury. Asregards
its practical use in artillery, it is casy to gather
from the foregoing general facts how gun cot-
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ton keeps the gun clean and requires less
windage, and therefore performs much better
in continuous firing. In gunpowder there is
68 per cent. of refuse, or the matter of fouling. ‘
In gun cotton there is no residuum, and there-
fore no fouling. Experiments made by the
Austrian committee proved that 100 rounds
could be fired with gun cotton against 30
rounds of gunpowder. From the low temper-
ature produced by gun cotton, the gun docs
not heat. Experiments showed that 100
rounds were fired from a six-pounder in 34
minutes, and the gun was raised by gun cotton
to only 120° F, whilst 100 rounds with gun-
powder took 100 minutes, and raised the tem-
perature to such a degree that the water was
instantly evaporated. The firing with the
gunpowder was, therefore, discontinued; but
~ the rapid firing with the gun cotton was con-
tinued up to 180 rounds without any incon-
venicnce. The abscnee of fouling allows all
the mechanism of a gun to have much more
cxactness than where allowance is made for
fouling. The absence of smoke promotes
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rapid firing and exact aim. There are no
poisonous gases, and the men suffer less incon-
veniences from firing in casemates, under
hatches, or in closed chambers. The fact of
smaller recoil from a gun charged with gun
cotton is established by direct experiment. Its
value is § of the rccoil from gunpowder, pro-
jectile effect being equal.

To understand this may not be easy. The
waste of the solids of gunpowder accounts for
one part of the saving, as in 100 pounds of
gunpowder 68 pounds have to be projected in
addition to the shot, and at much higher speed.
The remainder Von Lenk attributed to the
different law of combustion; but the fact is
cstablished.

The comparative advantages of gun cotton
and gunpowder for producing high velocitics
are shown us in the following experiment with
a Krupp's cast-stecl gun—six.pounder. With
ordinary charge, 30 ounces of powder produced
1338 feet per sccond; with charge of 13}
ounces gun cotton produced 1563 feet. The
comparative advantages in shortness of gun
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are shown in the following experiments—
twelve-pounder :—

Veloeity,
Calibre. Charge. feet per second.
Cotton length 10 15.9 ounces 1426
Powder length 13} 49.0 (normal powder charge) 1400
Cotton length 9 17 . 1402

As to advantage in weight of gun, the fact
of the recoil being less in the ratio of 2 to 3,
enables a less weight of gun to be employed,
as well as a shorter gun, without the disadvan-
tage to practice, arising from lightness of gun.
As regards durance of gun, bronze and cast
iron guns have been fired 1000 rounds without
in the least affecting the endurance of the gun.
As regards its practical application to de-
structive explosions of shells, it appears that
from a difference in the law of expansion,
arising probgbly from tho pressure of water in
intensely heated steam, there is an extraordi-
nary difference of re;mlt, namely, that the same
shell is exploded by the same volume of gas
into more than double the number of picces.
This is to be accounted for by the greater ve-
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locity of explosion when the gun cotton is
confined very closely in very small spaces.
It is also a peculiarity that the stronger the
shell the smaller the fragments into which it
- i broken.

As regards mining uses, the fact that the
action of gun cotton is violent and rapid in
exact proportion to the resistance it encounters
tells us the secret of its far higher efliciency in
mining than gunpowder. The stronger the
rock the less gun cotton, comparatively with
gunpowder, is necessary for the effcet; so
much so, that while gun cotton is stronger
than powder as 3 to 1 in artillery, it is
stronger in the proportion of 6.274 to 1in a
strong and solid rock, weight for weight. It
is the hollow rope form which is used for
blasting. Its power of splitting up the mate-
rial is regulated exactly as wished.

As regards military and submarine explo-
gions, it is a well known fact that a bag of
gunpowder nailed on the gates of a city will
blow them open. In this case gun cotton will
fail. A bag of gun cotton exploded in the
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same way is powerless. If one ounce of gun-
powder is exploded on scales the balance is
thrown down ; with an equal force of gun cot-
ton nothing happens. To blow up the gates
of a city, a very few pounds of gun cotton,
carried in the hands of a single man, will be
sufficicnt, only he must know its nature. In
a bag it is harmless; exploded in a box it will
shatter the gates to atoms.

Against the palisades of a fortification, a
small square box, containing 25 pounds, merely
flung down close to it, will open a passage for
troops. In actual experience on palisades, a
foot diameter and cight feet high, piled in the
ground, backed by a second row of eight
inches diameter, a box of 25 pounds cut a
clean opening 9 feet wide. To this, three times
the weight of gunpowder produced no eflect
whatever, except to blacken the piles,

Against bridges, a strong bridge of oak, 24
feet span, was shattered to atoms by a small
box of 25 pounds laid on its centre; the bridge
was not broken, it was shivered.

As to its cffcets under water, in the case of

21 '
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two tiers of piles in water, 13 feet deep, 10
inches apart, with stones between them, a barrel
of 100 pounds of gun cotton, placed 3 feet from
the face and 8 fect under water, made a clean
sweep through a radius of 15 feet, and raised
the water 200 feet. In Venice,a barrel of 400
pounds placed near a sloop, in 10 feet water,
at 18 feet distance, threw it in atoms to a height
of 400 feet.

All experiments made by the Austrian com.
mittee are conducted on a grand scale, thirty-
six batteries, six and twelve-pounders, having
been constructed, and practised with gun cot-
ton.

The reports of the Austrian commissioners
are all based on trials with ordnance, from six-
pounders to forty;eight pounders, smooth bore
and rifled cannon.. The trials with small firc.
arms have been comparatively few, and are not
reported on. The trials for blasting and
mining purposes were also made on a large
scale by the Imperial Engineers’ Committee.

The writer of the article in the U. 8. Service
Journal, already referred to, says:—
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“A change in the strength of the acids, in
the condition of their mingling, in the duration
of the chemical action, in the temperature, and
in the removal of the free acid from the cotton,
will cach effect & marked change in the pro-
duct. Advantage is now taken of this fact,
and gun cotton is prepared with reference to
the special use for which it is intended just as
gunpowder should be, and is to some extent.

“The gun cotton made at Hirtenberg, after
the manner prescribed by General Lenk, dif-
fers, as might have been expected, very mate-
.rially from that made elsewhere. The process
of manufacture is different, and the details are
so arranged as to insure much greater uni-
formity in the results.

%The cotton is immersed in a mixture of one
part strong nitric acid, and three parts concen-
trated sulphuric acid. It is permitted to re-
main in this bath for 48 hours; it is then
washed in a stream of running water for four
to eight weeks, so as to lose every trace of free
acid; it is then carefully dried. Analysis
shows that this gun cotton is of a uniform and

.
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fixed composition, and is almost wholly tri.
nitro-cellulose, represented by the Austrian
chemists by the formula :—
clln‘l(sxol)olo
“Jt explodes at a tempcrature between 340°
and 390° F., never below that, as was the case
with gun cotton prepared after other formulso.

It does not deteriorate in quality when sub-

jected to all the changes of temperaturc to
which it is liable in service, nor when exposed
to the various influcnces of dew, rain, and sun
if afterwards dried.

“The gravest charge made against this new
explosive material was, that it was liable to
spontaneous combustion, as was known to be
the case with gun cotton made in the ordinary
way. It was of the utmost importance that
this vital question should be thoroughly inves-

tigated, and for this purpose a committee of

the three first Austrian chemists was appointed
to report upon this and other objections urged
against the adoption of gun cotton for war
purposcs.

“The results of this investigation, made with
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great ability and extreme care, are highly sa-
tisfactory, and furnish proofs, both theoretical
and practical, that General Lenk’s gun cotton
is not liable to this fatal objection.

“The commission, after weighing maturely
all that could be said in opposition to General
Lenk’s gun cotton, and its adoption for war
purposes, closed their report with the following
unqualified commendation: ‘According to our
caperience up to the present time, June, 1563, we
recognize in gun cotton from Ilirtenberg an tmproved
explosive compound, having many and great ad-
vantages, several of which gunpowder from its very
nature can never possess.’

“It has been urged that the gases of gun
cotton were more poisonous than those of gun-
powder, and on that account it could not be
safely used in mines. The following table
gives the analyses of the gases of combustion
of General Lenk’s gun cotton, as determined
by Licutenant Von Karoly, in the chemical
laboratory of the cngincer corps committee,
and those of gunpowder by Bunsen.
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Boxsex, KaroLr.
Gases of Combustion,
Vojume per cent.
Sport’s. | Rifie, {Cannon| Gun Cotton.
Powder.
Nitrogen 41.1 | 35.3 | 37.6 12.7
Carbonic acid 52.7 | 48.9 | 42.7 20.8
Carbonic oxide 3.9 6.2 | 10.2 29.0
- Hydrogen 1.2 6.9 5.9 3.2

Sulphuretted hydro-

gen 0.6 0.67| 0.86 Carbon) 1.8
Oxygen 0.5 | ceevee | connee Water §25.37
Light  carburetted

bhydrogen gas 0.0 | 3.021 2.7 7.2

“A comparison of the results, as above given,
will show that the products of the combustion
of either of the two materials contain gases
which are irrespirable, and in this particular
belong to the same class of gases. The relative
quantities of some of those evolved from gun
cotton are diffcrent from those produced from
gunpowder, but they are both of such a nature
as to require, that after an explosion of a mine
with cither gunpowder or gun cotton, the
air should be renewed by ventilation before
the place of the explosion can be approached
without danger. The gases from the latter
will be removed more quickly by ventilation

.
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than those from the former, as they contain in
the latter case much solid matter which alone
would sufficc to make respiration almost im-
possible.

“The English Government has recently made
experiments with the new explosive material,
Baron Von Lenk having visited England, by
invitation, for the purpose of assisting at the
trials. More recently the French Government
has taken up the subject, and is now engaged
in an investigation into the merits of this new
gun cotton.

“General Lenk is, at the request of the Em-
peror Napoleon, in France, to be present at
these experiments. The' attention of the
United States Government was drawn to the
success attending the experiments with gun
cotton in Aust.ria,‘ by Mr. T. Carrisius, U. S.
Consul at Vienna, and the Sccretary of War
has directed experiments to be made to deter-
mine whether its merits are such as to warrant
its introduction into our service, in whole or
in part. These cxperiments will soon be com-
menced.
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“There are many considerations which make
it important for us that the subject sl:ould
recive a full, fair, and impartial investigation.

“1Ve are now dependent upon India for our
supply of saltpetre. By the introduction of
gun cotton, wo shall be cnabled to substituto
for saltpetro, tho nitrato of soda, found in
South Amecrica, much nearer home, and moro
casy to be obtaincd, and from a supply of
which we are not so liable to be cut off.

“We have a long extended coast to defend
against new and most formidable modes of
attack. Our large sea-coast guns will require
the assistance of the most.destructive explosive
for their shells, and the most powerful subma.
rine battcries that we can devise, to protect
our sea-board citics from the attacks of hostile
iron-clads.

“Gun cotton will not, probably, superscde
the use of gunpowder; it may prove a valuable
co-adjutant.”
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BARON VON LENK'S GUN COTTON PAT-
ENTED IN THE UNITED STATES.

The Seientific American for July 9, 1864, coniaing
the following :—

“On the 4th of June, 18G4, Raron Von Lenk pro-
cured a patent, through the Selentifiec American Pateat
Ageney, for the manufaeture of gun cotton by his pro-
cess in the United States.  The assignees of the patent
in this country are Messrs. Rawson & Richmond, of
Detroit, Mich., who announce their purpose to proceed
at once to ercct a large manufuctory, and to embark in
the production of the article. Their establishment will
be under the charge of a practical and competent person
sent over from Austria by General Von Lenk.

“Qur readers will remember that the commission of

- Austrian chemists came to the conclusion that *gun
cotton is far superior to gunpowder for all explosive
power; that its use is less dangerous; that for artillery
and small-arms one pound of gun cotton will give greater
result than three pounds of gunpowder, and for blasting
and mining purposes one pound of the former is equal
to six pounds of the latter; that damp does not affect
it; that it is not liable to decomposition; that it will not
explode short of 2772 Fahr.; that there is no smoke;
that there is no fouling or refuse mat:.--: that the recoil
of the gun is but two-thirds of that from gunpowder;
that lighter and shorter guns can be used; that the ve-
lacity of the projectile is greater and, more accurate;
that the heating of the gun is much less; and that there
is no danger in its manufacture.’

21*
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“The statement that the velocity imparted to the khot-
is greater, while the recoil of the gun is less, we should
hardly believe except on further evidence than the re-
port of one commission, however eminent.

“In consequence of the general interest in this im-
provement, we publish the patent in full. It contains a
complete description of the process in as few words as
possible,

“¢INPROVED GUN COTTON.

- %¢To all whom it may concern :

¢ ¢Be it known that I, Baron W. Lenk, of the city of
Vienna, in the Empire of Austria, have invented a new
and improved mode of making an explosive material
out of cotton and other vegetable fibres; and that I do
hereby declare that the foflowing statement is a full and
accurate description of the articles used, and the mode
and manner of manufacturing the same into an article
which is termed “Baron Lenk’s Improved Gun Cotton.”

«“¢Furst. The cotton or other vegetable fibre is first
taken and spun into loose threads of sufficient strength
to be easily handled.

“¢Second. The cotton must then be thoroughly boiled
in a solution of potash or of soda, in order to remove all
greasy substances which the cotton may contain, and
after thus boiled it may be exposed to the sun or wind,
or in a heated room, to dry the same.

“¢Third. The cotton must now be taken into a room
heated to 100° Fabr., in order to make it perfectly dry.

“¢Fourth. A mixture is now made containing one
part weight of nitric acid of 1'% to 1 5% specific gravity,
and three parts weight of common sulphuric acid. This
mixture must stand in closed carthen or glass jurs for
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several days, or until the two acids become fully mixed
and cooled. .

“«Fifth. This mixture of acids is now put into an
apparatus containing three apartments, one for the main
bulk of the acids, one for the immersion of the cotton,
and one for receiving the cotton after being immersed.
This apparatus may be made of cast-iron.

«¢Sixth. The cotton is now taken and dipped in the
acid bath, in said apparatus, in such a manner that every
three ounces of the cotton must come in contact with
sixty pounds of the mixture of acids, or, in other words,
the bath must contain fully sixty pounds of the mixture
while parcels of three ounces of cotton are being dipped.
The parcels thus dipped must be gently pressed, and the
acids-allowed to flow back into the acid bath, and the
parcels are then put into the®third apartment of the ap-
paratus, where for every one pound of cotton there must
be ten and a half pounds of said mixture of the acids.
The cotton must remain in this state subject to the
action of the acids for forty-ight hours, and the mixture
must always have an equally strong concentration, and
must be kept under a uniform temperature by a cooling
process.

“«Seventh. The cotton is now taken out from the
acids and pressed, and then put into a centrifugal ma-'
chine to remove all surplus acids.

«¢ Eiyhth. The cotton ‘is again put into another cen-
trifugal machine, into which a constant stream of fresh
water is admitted. This process is intended to remove
the last particles of -adhesive acids.

“¢Ninth. The cotton is now taken and put into a
flume or trough, and secured in such a manner that a
running streamn of fresh water may pass through and
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over it; and the same must remain in this sitnation for
at least fourtecn days. To lessen the time for this
operation, the cotton may be immersed or saturated in
alcohol for the space of twenty-four hours. This process
is also intended to extract all and the last particles of
acids that may possibly adhere to the cotton.

¢ Tenth. The cotton is now taken from the strcam of
water, or if from the alcohol it must be washed, and then
boiled in a solution of common soap and aguin dried.
This process is intended to restore the cotton to its ori-
ginal softness and appearance.

% ¢ Eleventh. The cotton is now taken and immersed
in a solution of water-glass of onc pound to two pounds
of soft water, which must be 1,3, specific gravity of
concentration. T'o one pound of cotton 4'%%th of a
pound of this solution ofe6> Beaum? is required. The
cotton is then tuken out of this solution and exposed to
the action of the atmosphere for ut least four days.
This process has the tendency to preserve the material,
and also to make its explosive qualities less rapid.
¢ *“*Twelfth. The gun cotton is again washed in soft
water free of lime, dried, und can then be packed in
wood or metal boxes for storage or exportation; and
may be used for artillery, torpedoes, shells, mining, blast-
ing, small-arms, and for all purposes where explosive
power is required.

“¢Thirteenth. All other vegetable fibres may be treated
and manufactured as hercin stated, which process will
make the same explosive like the gun cotton,and adapted
to the same purposes.

“+I claim as my invention an explosive improved gun
cotton made substantially as herein described.

“¢‘Barox W, Lexnk.

4 4Crry or ViENNA, AUSTRIA, Dec. 1, 1862.' "
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selections from and examples of the most useful and
generally employed mechanism of the day. By William
Johnson, Assoc. Inst. C. E., Editor of *“The Practical
Mechanic’s Journal.””  Illustrated by fifty folio steel
plates and fifty wood-cuts. A new edition, 4to.,....8.00

Among the contents are :—Lincar Drawing, Definitions and Problems,
Plate 1. Applieations, Designs for inlaid Pavements, Ceilings an
Balconies, Plate 11, S\\'ccnuJASc-ctiuna and Mouldings, Plate 111. Ele

mentary Gothio Forms and’ Roscttew, Plate IV,  OQvals, llllllp-en,
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Paraboias and Volutes, Plate V. Rules and Practical Data, Sudyo®
Projectiors, Elementary Principles, Plate VI. Of Prisms and other
Solids, Plate VIL. Rules and Practienl Data. On Coloring Seclions, with
Appl eations—Conventional Colors, Composition or Minture of Colora,
Piate X.  Continuation of the Study of Projections—Use of sections—des
taila of machivery, Flate XL Simple applications—spindles, shatty,
couplings, wooden patterns, Plate X1Io  Method of coustructing a
wooden model or pattern of & coupling, Elementary applieationn—
rails and chairs for railwaye, Plate X1 Kwles and Practical Dala==
Strength of material, Resistance to compression or crushing toree,
Tensional Resiatance, Resistance to flexure, Resistance to torsion,
Friction of surfaces in contact,

THE INTERMECTION AND DEVELOPMENT OF SURFACES, WITIL AN
PLICATIONS.—The Interscction of Cylinders and Conexr, Plate XIV. The
Delincation and Devdopment of Helices, Seccws and Serpentiaes, Plate
XV. Application of the helix—the construction of & stai ¢, Plate
XVL The Intersection of surfaces—applications to stop-cocks, Plate
XVII. Rules and Practical Data—Steam, Unity ot heat, Heating surface,
Caleulation of the dimensions of boilers, Dimensions of firegrates,
Chimneys, Safety-valven,

TUE STUDY AND CoNSTRUCTION OF TooTien GEAR.—Iuvolute, ey
cloid, and epicyeloid, Platea XVIIL and XIN,  Involute, Fiz, 1, Plate
XVIUL Cyeloid, Fig 9 Plate XVILL Externn] epicyclold, deseribed
by av elrele rolting about a fined cieele fnside it g 3, Plate NIN,
Internal epleyelond, Figo 20 Plate NIN Delineation ot a vack and
pinion in gear, Fig 4, Plate NVHL Gearing ol worm with a8 wotme
wheel, Figs, 6 and 6, Plate XVIL Cylindrical or Spur Gearing, Plate
XIX.  Practical delineation of a couple ol Spurewheels, Plate XN,
The Delineation and Conslruction of wWoolen Potterus for Toothed Wheels,
Flate XX1. Rules and Fractical Data—"T'oothed gearing, Angular an
circumferential velocity of wheels, Dimensions of gearing, Thickness
of the teeth, Piteh of the teeth, Dimensions of the web, Number and
dimensions of the arms, wooden patterns,

CONTINUVATION OF THE Stuby oF TooTnEd Gran.—Design for &
pair oi bevel-wheels in gear, Plate XXI11,  Construction of wooden
patterns for a pair of bevelewheelr, Plate XXIUL Javolute and
Helical “Tecth, Plate. XXIV,  Contrivances for oblaining Differential
Movements—The delineation of eccentrics and eams, Piate XXV, Rules
and Practical Data —Mechanieal work of etteet, The simple machiues,
Centre of gravity, On estimating the power of prime movers, Caleue
lation for the brake, The fall of bodics, Momentum, Central forees.

‘ELEMENTARY PRINCIPLES OF SnApows.—Shadows of Prisma, Pyrae
mids and Cylinders, Plate XXVI. Principles of Mhading, Plate XX VIIL
Continuation of the Study of Shadows, Plate XXVIUL  Tuscan Order,
Plnte NNIX. Rules und Practical Data—Pumps, Hydrostatie prineiples,
Foreing pumps, Lifting aud forcing pumps, ‘The Hydrostatie press,
Hydrostatical enleulations and data—discharge of water through dits
ferent oriticen, Gaging of a water<course of uniform section and fall,
Velocity of the bottom of water-courses, Calculation of the dischiarge
of water through rectangular oritices of narrow edges, Caleulation of
the discharge of water through overshot outlets, T'o determine the
width of an overshot outlet, To determine the depth of the outlet,
Outlet with a spout or duct.

APPLICATION OF SHADOWS TO TooTurn GrAR, Plate XXX. 4p-
plication of Shadowce to Scrcwes, Plate XXXI.  Application of Shadows lo
@ Boiler and its Furnace, Plate NXXIIL. Shading in Bluck—Shading tn
Colors, Plate XXXIIIL

Tug CrTTING AND SITAPING OF Masoxny, Plate XXXIV. Ruls
and Proctical Data—Hydraulic motors, Undershot water wheels, with
plane floats and a circular channel, Width, Dianmeter, Veloeity, Nume

r and capacity of the buckets, Usetut ettect of the water wheel
Overshot water wheels, Water wheels with radial floats, Water whee
with curz\'etl buckets, Turbines, Kcmarks on Machine Tools.
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TRE STUDY OF MACHINERY AND SKETCHING.—Various applications
and combinations: The Sketching qf Muclinery, Plates XXXV. and
XXXVIL.  Drilling Machine; Mtive Muchines; Water wheels, Cone
struction and setting up of water wheels, Delineation of water wheels,
Denign for a water wheel, Shetch of & water wheel 5 Orersho? Water
Wheels, Water Punpa, Plate NXNVIL Steam Motors: High-pressure
expansive steam engine, Platea XNXVIIL, XXXIX. and XL, Detaile
af Conastruction ; Mo ments of the Dixtribution and Frpongion Falves;
Rulis and Practical Data—Steam enginea: Low-pressure condensing
encines without expansion valve, Diameter of piston, Velocities,
Bteam pipes and paszaces, Ale-pump and condenser, Cold-water an
feed-pumps, High-pressure expansive enginea, Medium pressure cone
denging and expansive steam engine, Conical pendulum or ceatrifugal
governor,

ONLIQUE l'nmr:c‘rmxs.—A(pllcatlon of rulcs to the delineation of
an oscillating eylinder, Piate X LI

PARALLYL PERSPECTIVE.—Principles and applications, Plate XLIT.

TrUE PerspecTiIVE.—Elementary principles, Plate XLIIL Applt-
eations—tlour mill driven by belta, Plates XLIV. and XLV, Deserips
tion of the mill, Representation of the mill in perspective, Notes of
recent fmprovements in flour wmills, Sehicle’s mill, Multin's * ring mille
stone,” Harnett’s millztone, Hastie's arenngement for driving mills,
Currie's improvements it wilstoneay Rules aad Perctienl Data—Waork
perlormed by various machines, Fiour wmills, Saw mills, Vencersawing
machines, Clicular xawa,

Examrnes or FINISUED DRAwINGS OF MAcmiNERY.—DPlate A,
Balance water-metery Plate B, Engloeer's shaping machine ; Plate
C D E, Express locomotive engine ;s Plate F., Wood planing machine 3
Plate G, Washing machine for picee goods; Plate H, power loom}
Plate I, huplex steam boiler § Plate J, Direct-acting marine engines.

DRAWINU INSTRUMENTS,

* . ]
Barnard (Ilenry). National Education in Eu.
rope:
Being an Account of the Organization, Administration,
Instruction, and Statistics of Public Schools of differ-
ent grades in the principal States. 890 pages, &vo.,
83.00

Gluﬁl, seeeee csesve . esscesece esenee o

Barnard (Ilenry).  Sehool Architeeture.
New Edition, 300 cuts, cloth,..cceiceccreencscessennes seerss $2.00

Beans. A Treatise on Railroad Curves and the

Location of Railroads.
By E. W. Beans, C. E. 12mo. (In press.)

Bishop. A listory of American Manufactures,

From 1608 to 1860 ; exhibiting the Origin and Growth
of the Principal Mechanic Arts and Manufactures, from
the Earliest Colonial Period to the I'resent Time; with a
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Notice of the Important Inventions, Tariffs, and the Re.
sults of each Decennial Census. By J. Leander Bishop,
M. D, : to which is added Notes on the Principal Manu-
facturing Centres and Remarkable Manufactories. By
. Edward Young and Kdwin' T. Freedley. In two vols.,
8vo. Vol. 1 now ready. Price;.ccceecee sosesseecccs cosees$3.00

' . .
Bookbinding: A Manual of the Art of Book-

1] .

binding,

Containing full instructions in the different branches of
Forwarding, Gilding and Finishing. Also, the Art of
Marbling Book-edges and Paper. By James B. Nicholson.
Illustrated. 12mo., cloth, . . reee$2,00
CONTENTS.—Sketch of the Progress of Bookbinding, Sheet-
work, Forwarding the Edges, Marbling, Gilding the Edges, Covering,
Half Binding, Blank Binding, Boarding, Cloth-work, Ornamental Art,
Finishing, Taste and Design, Styles, Gilding, Hluminated Binding,
Blind Tooling, Antique, Coloring, Marbling, Uniform Colors Guhl
Marbling, Landscapes, ctc., Inlaid Ornaments, Harmony of é«)lurl
Pasting Down, ete., Stamp or Press-work, Restoring the Bindings o{

Old Books, Supplying imperfections in Old Books, Hints to Book Col-
lectors, Technical Lessons,

- Booth and Morfit. The Encyelopedia of
Chemistry, Practical and Theoretical:

Embracing its application to the Arts, Metallurgy, Mine-
ralogy, Geology, Medicine, and Pharmacy, By Jawes C.
Boorn, Melter and Refiner in the United States Mint;
Professor of Applied Chemistry in the Franklin Institute,
etc.; assisted by CampserLL Morrit, author of ¢‘ Chemical
Manipulations,” ete. Tth Edlition. Complete in one
volame, royal octavo, 978 pages, with numerous wood
cuts and other il1uStrations, e seeses sreees seoss sosees 00e$6.00

From the very large number of articles in this volurae, it is entirely
fmpossible to give a list of the Contents, but attention may be ealled
to some among the more elaborate, such as Afllaity, Alicoholometry,
Ammonjum, Analysis, Antimony, Arzenic, Blowpined, Cyanogen, Dige
tillation, Electricity, Ethyl, Fermentation, Iron, Lead and Water.

Brewer; (The Complete Practical.)

Or Plain, Concise, and Accurate Instructions in the Art
of Brewing Beer, Ale, Porter, etc., etc., and the Process
of Making all the Small Beers. By M. LArPAYETTE BYRN,
M. D. With Illustrations. 12mo0.ccceereereersecse soneee 8125

"Manz an old brewer will find in this book valuable hints and sug-
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ﬁmons worthy of consideration, and the novice can poat himself up
his trade in all its parts.”’—Artisan.

Builder’s Pocket Companion:

Containing the Elements of Building, Surveying, and

Architecture ; with Practical Rules and Instructions con-

nected with the subject. By A. C. Satearoy, Civil Engi-

neer, etc. In one volume, 12mo., civeesveseeeancece sneene$1.25

CONTENTS.—The Builder, Carpenter, Joiner, Mason, Plasterer,
Plumber, Painter, Smith, Practical Geometry, Surveyor, Cohesive
Strength of Bodies, Architect.

It gives, in & small space, the most thorough dircctions to the
builder, from the laying of a iu'lck, or the telling of a tree, up to the
most eliaborate production of ornamental architecture. 1t is scientitie,
without being obscure and unintelligible 5 and every housescarpenter,
master, journcyman, or appreatice, should have a copy at haut‘
always.,””—LEuvening Bulletin,

Byrne. The Iandbook for the Artisan, Me.
chanic, and Engineer,

Containing Instructions in Grinding and Sharpening of
Cutting Tools, Figuration of Materials by Abrasion, Lapi-
dary Work, Gem and (ilass Engraving, Varnishing and
Lackering, Abrasive Processes, etc., ete. By OUliver
Byrne. Illustrated with 11 large plates and 186 cuts.
BV0., ClOth, iiiiieiieies secercnes soncessiosncncss e ssresnse sosnsnnas 32,00

CONTENTS.—Grinding Cutting Tools on the Owlinary Grind-
atone; Sharpening Cutting Tools on the Oilstone 3 Setting Razors;
Sharpening Cutting Tools with Artificial Grinders ; Production of Plane
Surfaces by Abrasion; Production of Cylindrical Surficea by Abrae
sion 3 Prodnction of Conical Surfiaces by Abrasion 3 Produetion of
Spherieal Surfaces by Abrasion; Glass Cutting s Lapidary Work
Setting, Cuttiug, and Polishing Flat and Rounded Works; Cutting
Faucetas Lapidary Apparatus for Amatears 3 Gem and Glass Fngrave
ing; Seal and Gem Eagraving; Cameo Cutting; Glass Engraving,
Varnighing, and Lachering; General Remarks upon Abrasive Pro-
cesses 3 Dictionary of Apparatus ;s Materials and Processes for Grinding
aud Polishing commonly employed in the Mechanical and Uselul Arts,

Byrne. The Practical Metal-worker’s Assist.
ant,

For Tin-plate Workers, Braziers, Coppersmiths, Zine-
plate Ornrmenters and Workers, Wire Workers, White-
smiths, Blacksmiths, Bell Hangers, Jewellers, Silver and
Gold Smiths, Electrotypers, and all other Workers in
Alloys and Metals., Edited by Oniver Byrse. Complete
in one volume, 0ctavo,.ceereeces sranen teneessecens 0o ¥9,00

It treata of Casting, Founding, and Forging; of Tongs and other
Tools; Degrees of Heat and Management of Firesy; Welding  of
4




PRACTICAL AND SCIENTIFIC BOOKS,

Heading and Swage Tools ; of Punches and Anvils; of Hardening nnd
Tempering; of Malleable Iron Castings, Case Mardening, Wrought
and Cast Iron; the Management and Manipuintion of Metals and
Alloys, Melting and Mixing ; the Muaagement of Furnaces, Casting
and Founding with Metallic Moulds, Joining and Working Sheet Metal g
Peculiarities of the ditterent Tools employed ; Processes dependent on
the ductility of Metals; Wire Drawing, Drawing Metal Tubes, Solder-

ljl‘lg;l The use of the Blowpipe, and every other known Metal Worker's
ool.

Byrne. The i’mcticnl Model Calculator,

For the Engineer, Machinist, Manufacturer of Engine
Work, Naval Architect, Miner, and Millwright. By
Oriver Byryg, Compiler and Editor of the Dictionary of
Machines, Mechanics, Engine Work and Engineering, and
Author of various Mathematical and Mechanical Works.
Illustrated by numerouns engravings., Complete in one
large volume, octavo, of nearly six hundred pages,..&4.50

The principal oljects of this work are: to establisrh model ealcula-
tions to guide practical men and students ; to illustrate every practical
rule and principle by pumerical ealculations, systematicaily arranged §
to give information and data indispensable to those for whom it ix ine
tended, thus surpassing in value any other book of its character; to
ccouomize the labor of the practical man, and to render his every«day
calculations easy and comprehensive, It will be found to be one of
the wost complete and valuable practical books ever published.

Cabinetmaker’s and Upholsterer’s Companion,

Comprising the Rudiments and Principles of Cabinet.
making and Upholstery, with Familiar Instructions, il-
lustrated by Examples for attaining a proficiency in the
Art of Drawing, as applicable to Cabinet Work; the
processes of Veneering, Inlaying, and DBuhl Work; the
Art of Dyeing and Staining Wood, Bone, Tortoise Shell,
etec. Directions for Lackering, Japanning, and Varnish-
ing; to make French Polish; to prepare the best Glues,
Cements, and Compositions, and a number of Receipts
particularly useful for Workmen generally. By J. Srokes,
In one volume, 12mo. With Ilustrations, ... 1,00

“ A large amount of practieal information, of great service to all
concerned in those brauches of business.”—0khinv Slate Jourual,

H ) 194' 1} H ) e .‘ o H 34
Campion. A Practical Treatise on Mechanical
Engincering;
Tomprising Metallurgy, Moulding, Casting, Forging Tools,
-“orkshop Machinery, Mcechanical Manipulation, Manu-
tacture of Steam Engine, ete., ete.  Hlustrated with 28
plates of Boilers, Steam Engines, Workshop Machinery

~

v



PUBLISHED BY HENRY CAREY BAIRD,

etc., and 91 Wood Engravings ; with an Appendix on the
Analysis of Iron and Iron Ores. By Francis Campicn,
C. K, President of the Civil and Mechanical Engineers’
Bociety, €. wvceiee sencrnene . ¥7.00

Celnart. The Perfumer. ‘

From the French of Madame Celnart ;" with additions by
Professor H. Dussauce. bdvo. (Jn press.)

\] [\l [ Q

Colburn.  The Locomotive Engine
Including a Desceription of its Structure, Rules for Esti-
mating its Capabilities, and Practical Observations on its
Construction and Management., By Zeran Corsuky. 1l-
lustrated. A new edition. 1210, cvieeecrnnceceens e §1.00

‘4t is the most practical and generally useful work on the Steam
Engine that we have le‘ll."er'nnlnu Lraclar.?

Daguerrcotypist and Photographer's Companion,

12m0., €lothy ciuieineniiiinsnioncs sesors sosennses sesees sosancess $1.00

" e e 1 )
Distiller (The Complete Practical).
By M. Laraverre Byryx, M.D.  With Illustrations. 12mo,
$1.25
% So simplified. that it §s adapted not only to the ure of extensive

Distillers, but tor every farmer, or others who may want to engage ia
Distilling.—Luwnucr of the Cuton.

D T Pwo.nl T... W
ussauee.  Practical Lreatise

O~ TuE FAgRICATION OF MAaTCnes, Gex CorroN, AND FrLai-

NaTixe Powpers, By Prof. ll. Dussauce. 12mo.,....23.00

CONTENTS.— Phogpliorne. — listory of Phosphorus ; Physical
Propeities 1 Chemical Properties s Natural State ;. Preparation ot
White Phosphorus ;3 Amorphous Phosphorus, and Benoxide of fead,
Mt e —Preparation of Wooden Matehes s Matehies intlammable by
rubbing, without noise ; Common Luciter Matches: Matehes without
Phosphorus; Candle Matches i Matehes with Amorphous Phosphos
rus; Matches and Rubbers without Phosphorus. Gun Cotton.—Propers
tics: Preparation: Paper Powder: use of Cotton and Paper Powders
for Fulminating Primers, ete.j Preparation of Fulminating Primers,
ete,, cte.

Dussance,  Chemical Reeeipt Book :

A General Formulary for the Fabrication of Leading
Chemicals, and their Application to the Arts, Manufac-
tures, Metallurgy, and Agriculture. By Prof. H. Dus-
sauce.  (fn press.)
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DYEING, OALICO PRINTING, COLORS, COTTON SPIN-
NING, AND WOOLEN MANUFACTURE.

oy Al 2 .

Baird. The Amcrican Cotton Spinner, and

o] . , T e ‘l , 4 ‘ H
Manager’s and Carder’s Guide:

A Practical Treatise on Cotton Spinning; giving the Di.
mensions and Speed of Machinery, Dranght and Twist
Calculations, ete.; with Notices of recent hinprovements :
together with Rules and Examples for making changes
in the sizes and numbers of Roving and Yarn. Com-
piled from the papers of the late Rolert IH. Baird.
12mo.. cesee coveeecenene®lL2D

Capron De Dole. Dussauce.  Blues and Car-
-mines of Indigo:

A Practical Treatise on the Fabrication of every Commer

cial Product derived from Indigo. By Felicien Capron

de Dole. Translated, with important additions, by Pro-
fessor II. Dussauce. 1:2mo. 22.50

Chemistry Applied to Dyeing,
By James Napier, F.C. S. Illustrated. 12mo........£2.00

CONTENTS. =G acral Properties of Malter.~teat, Livht, Eles
ments of Matter, Chemical Atlinity, Non-M tallic Substanevs.—Oxygen,
Hydrogen, Nitrogen, Chlorine, Sulphur, Selenium, Phosphorus, lodine,
Bromine, Fluorine, Silicam, Boron, Carbon. M tallic Nu'natance xm—
General Properties of Metals, Potassium, Sodium, Lithium, Soap,
Barium. Strontium, Calcium, Magnesium, Alminum, Manganese. fron,
Cohalt, Nickel, Zine, Cadmium, Copper, Lead, Biamuth, ‘Tin, Titanium,
Chromium, Vianadium, Tunzstenum or Wolfram, Molybhdenum, Tellas
rivm, Arsenic, Antimony, Uranium, Cerivun, Mercury, Silver, Gold,
Platinum, Palladium. Iridium, Osminmw, Rhodinm, Lauthanium, Moe
dants.—Red Spirits, Barwood Spirits, Plumb Spirita, Yellow Spirits,
Niteate of Iron, Acetate of Alumina, Blick lron Liguor, [ron and ‘hin
for Royal Blues, Acetate of Copper. Vegetiddio Matims taed in [ping. —
GAlls, Sumach, Catechu, Indico, Lozwood, Brazil-weaods, Sandal-wood,
Barnwood, Camwood, Fustie, Young Pustic, Bark or Quercitron, Fiwe
vine, Weld or Wold. Turmeric, Pemvian Berries, Nittower, Madder,
Munjeet, Annota, Alkanet Root. Archile  Pogmacd N Vogotudle
Iy« —=Nooranjee, Carajury, Wongshy, Aloes, Pittacal, Barbary Root,
Aninal Matters used in Dy-ing.—Cochineal, Lake or Lac, Kerma,

This will be found one of the most valuable books on the subject ot
dyelng, ever published i this country.

Dussauce.  Treatise on the Coloring Matters
Derived from Coal Tar;

Thair Practicai Application in Dyeing Cotton, Woel, and
8
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8ilk ; the Principles of the Art of Dyeing and of the Dis-
tillation of Coal Tar; with a Description of the most Im-
portant New Dyes now in use. By Professor H. Dus-
sauce, Chemist. 12mo....... ceeens§2.50
CONTENTS.—Historical Notice of the Art of Dycing—Chemical
Principles of the Art of Dycing—Preliminary Preparation of Stutls—
Mordauts—Dyeing—On the Coloring Matters produced by Coal ‘Tnr—
Distillation of Coal Tar—History of Aniline—Properties of Aslline—
Preparation of Aniline direcetly from Coal Tar—Artificial Preparation
of Auiline—Preparation of Benzole—Properties of Benzole —Preparae
tion of Nitro-Benzole—"Transformation of Nitro-Benzole into Aniline,
by means of Sulphide of Ammonium § by Nascent Hydrogen s by Acee
tate of Iron; and by Arscunite of Potash—Properties of the Bi-Nitro-
Benzole—Aniline Purple—Violine — Roseine — Emeraldine — Blea de
Paris—Futschine, or Macenta—Coloring Mattera obtained by other
bases from Conl Tar—Nitroso-Phenyline—Di Nitro-Aniline—Nitro-
Pheayline—=Picrie Acid—Rosolie Acid—Quinoline—Napthaline Colors
—Chloroxynaphthalic and Perchloronynapthalie Acids—Carminaphe
tha—Ninaphthalamine—Nitrosonaphthaline—Naphthamein—Tar Red
—Azuline—Application of Coal Tar Colors to the Art of Dycing and
Cualico Printing—Action of Light on Coloring Matters from Coal Tar
—Ltest limprovements in the Art of Dycing—Chrysammic Acid—>Mo-
Iyhdie and Picric Acids—Extract of Madder—Theory of the Fixation
of Coloring Matters in Dyeing and Printing—DPrinciples of the Action
of the most important Mordanta—Aluminous Mordants—Ferruginous
Mordants—Stanniterous Mordants—Artiticial Alizarin—Metallic Hy-
porulphites as Mordants—Dyer’s Soap—DPreparation of Indigo for Dye-
ng aud I'rinting—Relative Value of Indigo—Chinese Green Murexide,

Dyer and Color-maker's Companion :

Containing upwards of two hundred Receipts for making
Colors, on the most approved principles, for all the
various styles and fabrics now in existence; with the
Scouring Process, and plain Dircctions for Preparing,
Wiashing-ofl, and Finishing the (foods. Second edition.
In one volule, 12m0.ceuiees sessesseesesssesce snsassssees ooe $1,.00

French Dyer, (The):
Comprising the Art of Dyeing in Woolen, Silk, Cotton,

ete., ete. By M. M. Riftault, Vernaud, De Fontenelle,
Thillaye, and Mallepeyro.  (In press.)

Love. The Art of Dycing, Cleaning, Scouring,
and Finishing, |

Ox tur Most Arrrovep Exanisn Axp Frexca Mrrtnons;
being Practical Instructions in Dyeing Silks, Woolons
and Cottony, Feathers, Chips, Straw, ote., Scouring and
Cleaning Bed and Window Curtains, Carpets, Rugs, ete.,
French aud Englizsh Cleaning, any Color or Fabrie of
Silk, Satin, or Damask. By Thomas Love, a werking
Dyer aud Scourer.  In one velume, 12mo. e cee e §3.00
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O'Neill. Chemistry of Calico Printing, Dye:
ing, and Bleaching ;

Including Silken, Woolen, and Mixed Goods; Practical
and Theoretical. By Charles O’Neill. (I press.)

0'Neill. A Dictionary of Calico Printing and
Dryeing.
By Charles O’Neill. (In press.)

Secott. The Practical Cotton-spinner and Man.
ufacturer;

Or, Tug Maxacer AxDp OverLookern's Coxpaxiox. This
work contains a Comprehensive System of Calculations
for Mill Gearing and Machinery, from the first Moving
Power, through the different processes of Carding, Draw-
ing, Slabbing, Roving, Spinning, and Wearing, alapted
to American Machinery, Practice and Usaces. Corupen-
dious Tables of Yarns and Reeds are added,  Iustrated
by large Working-Drawings of the most approved Awmeri-
can Cotton Machinery. Complete in one volume, oc-

oce sessasues sosses sronse o N | ) )

zer. by OlLiver Byrne, js Soelzned
dite fulndiztens n jrastiead vod

will Le of the greaiest posiil e value to tae Mansger, Uveisocr, and
Workwman.

Sellers.  The Color-mixer.

By John Sellers, an Experienced Practical Workwmnan,
To which is added a Catecmisy op CueuisTRY. In one
volume, 12ino. (Za press.)

Smith, The Dyer's Instruetor;

Comprising Practical Instructions in the Art of Dyeing
8ilk, Cotton, Wool and Worsted, and Woolen Goods, as
Bingle and Two-colored Damasks, Moreens, Camlets,
Lastings, Shot Cobourgs, Silk Striped Orleans, Plain Or-
leans, from White and Colored Warps, Merinos, Woolens,
Yarns, etc.; containing nearly eight hundred Receipts.
To which is added a Treatizs un the Art of Padding, and
the Printing of Silk Warps, Skeing and Handkerchiefs,

and the various Mordants aud Colors for the different
10 :
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styles ¢f stch work, By Daril Smith, Psttera Pyer.
A pew elltion, in one valame, 12=a 3.00
CONTENTS =W Dreirne, @ receirts—Cattoa Dyeize @ re-
eripta—aLk Mhcins @ reoe:; s—Wonlen Yara Dyeing, 3 receipis—
Worttedl Yam Ineing, 31 revipts—\Woulen Dreizns. & receipis—Dae
ing. 40 receipta—Marevn Dyveiaz, 35 reveipts—Two-Colored
21 reoripts—Canilet Dyeinz. 23 revvipte—Lastinz Dye-
inz. 23 reovipta—Shot Cotourg Dycinz, 13 receipta—silk Striped Ore
leans, from Bivek, Whi‘e, and Colored Warps, 23 rereipts—Colored
Orlesns. from DBlick Warps, 15 receipts—Colored Orleans and Co-
bourss, from White Warps, 27 receipts—Colored Merinos, 41 receipts
—\Woolen Shawl Dyeing, 15 receipts—Padding, 42 receipts—silk Warp,
Skein, and Handkerchict Printing, 62 receipts—Nature and Use of Dye-
wares, including Alum, Annotta, Archil, Ammonia, Argol, Super
. Argol, Camwood, Catechu, Cochineal, Chrome, or Bichromate of Pote
a~h, Cudtear, Lhemie, or Sulphate of {ndizo, French Berry, or Persian
Derry, Fustic or Young Fustie, Galls, Indizo, Kermes or Lae Dye,
Jozwond, Madtler. Nitric Acid or Aquy Fortia, Nitratea, Oxatic Tin,
Pervrhwaod, Prisaate of Fotaah, Quereitton Bark, satfiower, Saun-
et of Ru-) Sandid, ;a0 Wood, Sumach, Turmeric, Examination of
Water Ly Teste, ctc., €te.

Toustain. A Practical Treatise on the Woolen
Manufacture,
From the French of M. Toustain. (I press.)

Ulrich.  Dussauce. A Complete Treatise

Ox tue AeT or Drrixg Cotrox ASD Woor, AS PRACTISED 1N
Parers, Roces, Mrruorsg Axp GGEexasy. From the French
of M. Louis Ulrich, a Practical Dyer in the principal
Manufactories .of Paris, Rouen, Mulliouse, ete., ete.; to
which are added the most important Receipts for Dyeing
Wool, as practised in the Manufacture lmperiale des
Gobelins, Paris. By Professor H. Dussauce. 12mo..$3.00
CONTENTS.—

Roucen Dyes, 108 Receipts.

Alswce ¢ 235 @

German ¢ 109

Mulliouse ¢ 72

Parisian %

Golwling ¢ 1w
In all nearly 00 Receipts.

sses

D SO Prort—

Easton, A Practical Treatise on Street or
Horse-power Railways;
Their Location, Construction and Management; with

general Plana and Rules for their Organization and Ope-
ration ; together with Examinations as to their Compara-



PRACTICAL AND BCIENTIF10O BOOKS,

tive Advantages over the Omnibus System, and Inquiries
as to their Value for Investment; including Copies of
Municipal Ordinances relating thereto. By Alexander
Easton, C. E. lllnstrnted by twenty-three plates, Svo.,

2,00

ClOtNecoce corecsees soasen snesce snnses snseseass sssenrnse soanss sonoos
Examinations of Drugs, Medicines, Chemicals,
ctc.’

As to their Purity and Adulterations. By C. H. Peirce,
M.D. 12mo0., €lothi.iceeses seoserene ssesescsnnsssessse ssness$2.00

Fisher’s Photogenic Manipulation,

16mO0., Clothucs cesees sesansoss cosnenansens suessn sosese snsens susaneas 62

Gas and Ventilation;

A Practical Treatise on Gas and Ventilation. By E. E.
Perkins. 12mo., cloth... b

Gilbart. A Practical Treatise on Banking,

By.James William Gilbart. F.R.S. A now enlarged and
improved edition. Kdited by J. Smith Ilomans, editor
of ¢ Banker’s Magazine.” To which is added “Mone),"
by H. C. Carey. 8V0uieeesseess sssssssss snsees sassssens ssosssi3.50

Gregory's Malhcmalics for Pmclical Men;

Adapted to the Pursuits of Surveyors, Architects, Me-
chanics and Civil Engineers. 8vo., plates, cloth...$2,00

Hardwich. A Manual of Photo"nphlc Chem.
istry;

Including the practice of the Collodion Process. By J.
F. Hardwich. (/n press.)

Hay. The Interior Decorator;

The Laws of Harmonious Coloring adapted to Interior
Decorations; with a Practical Treatise on House Paint-
ing. By D. R. llay, House Painter and Decorator. Il-
lustrated by a Diagram of the Primary, Secondary and
Tertiazry Colors. 12mo. (In press.)

1-
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PUBLISHED BY HENRY CAREY BAIRD,

aventor's Guide—Patent Office and Patent
Laws:

Or, a Guide to Inventors, and a Book of Reference for
Judges, Lawyers, Magistrates, and others. By J. Q.
Moore. 121m0., Cloth.ceesceceesvecsescescenecs sossecass sosnas®1.00

Jervis. Railway Property. A Treatise

ON iR CoNSTRUCTION AND MANAGEMENT OF RAILWAYS; de-
signed to afford useful knowledge, in the popular style,
to the holders of this class of property; as well as Rail-
way Managers, Officers and Agents. By John B. Jervis,
late Chief Engincer of the Hudson River Railroad, Cro-
ton Aqueduct, etc. One volume, 12mo., cloth.......$3.00

CONTENTS. — Preface — Introduction. Construction,— Introduce
tory—IL.and and Land Damages—Location of Line—Method of Busincss
—Grading—DBridges and Culverts —Road Crossings—Ballasting Track—
Cross Sleepers—Chairs and Spikes—Rails—station Buildings—Loco-
motives, Coaches and Cars. Opcrating.—Introductory—Freight—Pas-
sengers—Engine Drivers—Repairs to ‘Track—Repairs of Machinery—
Civil Engineer—Superintendent—Supplies of Material—Receipts—Dis-
burscments — Statistics — Running ‘Iralns — Competition — Financial
Management—General Remarks,

Jolmson. The Coal Trade of British Ameriea;

With Researches on the Characters and Practical Values
of American and Foreign Coals. By Walter R. Johnson,
Civil and Mining Engineer and Chemist. 8vo........22.00

This volume contains the results of the experiments made for the
Navy Department, upon which their Coal contracts are now based.

Johnston.  Instructions for the Analysis of

Noils, Limestones and Manures,
By J. F. W. Johnston. 12mo...... 38

Larkin, The Practical Brass and Iron Found:
er's Guide s :

A Concise Treatise on the Art of Brass Founding, Mould-
ing, eto. By James Larkin, 12mo., cloth..eeeeeeen$1.25

20! L. - Apy
Leslie’s (Miss) Complete Cookery;
Directions for Qookery in its Various Branches. By Miss
Leslie.  b&th thousand. Thoroughly revised ; with the
addition of New Receipts. In one volume, 12mo., half

bound, or in sheep...ccaeces L8125
13




PRACTICAL AND SCIENTIFIC BOOKS,

- Leslie’s (Miss) Ladies’ House Book;

A Manual of Domestioc Economy. 20th revised edition.

12m0., BheeP ccccrersrresssscssoccsesrroseasessesorcssossosass sesBle 2D

Leslie’s (Miss) Two Hundred Reccipts in
French Cookery,

Cloﬂl, 12100000000 0os0ecoee sersce ss0cances 000 ssases soe sse see sos s0e son 25 -

Licber. Assayer's Guide;

Or, Practical Directions to Assayers, Miners and Smelters,
for the Tests and Assays, by lleat and by Wet Processes,
of the Ores of all the principal Metals, and of Gold and
Silver Coins and Alloys. By Oscar M. Lieber, late Geolo-
gist to the State of Mississippi. 12mo. With illustra-
LHOMS sevens covseessccrssesconsessresesereaneoreoosoes s sosns sasnen 31.00

“ Among the indispensable works for this purpose, is this little
guide.”’—drlizan,

Lowig. Principles of Organic and Physiologi:
cal Chemistry,

By Dr. Carl Liwig, Doctor of Medicine and Philosophy g
Ordinary Professor of Chemistry in the University of
Ziirich ; Author of ¢ Chemie des Organischen Verbindun

gen.”' Translated by Daniel Breed, M. D., of the U. 8.
Patent Office ; late of the Laboratory of Liebig and Lowig.
8vo., sheePeraceeeecnes evsescess sonesseonars erseseoesees s0enecoe§Se D0

Marble Worker’'s Manual;

Containing Practical Information respecting Marbles in
general, their Cutting, Working and Polishing, Veneer-
ing, etc., etc. 12mo., Clothuce ceeccsesconsisecersonoeeses$l.25

Miles. A Plain Treatise on Horse:shocine,

With Ilastrations. By William Miles, Author of ¢ The
Horse’s Foot." v seecceseecererssescssnseccenonsosccossssnsnesses $1.00

Morfit. The Arfs of Tanning, Currying and
Leather Dressing,

Theoretically and Practically Considered in all their Da-
tails ; being a Full and Comprehensive Treatise on the



PUBLISHED BY HENRY CARBEY BAIRD.

Manufacture of the Various Kinds of Leather. Illas-,
trated by over two hundred Engravings. Edited from the
French of De Fontenelle and Malapeyere. With nu-
merous Emendations and Additions, by Campbell Morfit,
Practical and Analytical Chemist. Complete in one vol-
"UIMNE, OCLAVO.s serees snssesssossesesssesessssscssasssssessessneses10.00

This important Treatise will be found to cover the whole field in
the most masterly manner, and it is believed that in no other branch
of applled science could more signal service be rendered to American
Manulactures.

The publisher {8 not aware that in any other work heretofore 1rsued
in this country, more space has been devoted to this subject than &
single chapter s and in offering this volume to so large and intelligent
A clans as American Tanners and Leather Dressers, he feels contident
of thelir substantial support and encourngement.

CONTENTS.—Introduction—Diznity of Labor—Tan and Tannin
=—QGallic Acid—Extractive-Tanning Materials—0Oak Barks—Barking
of Trecs—Method of Estimating the Tanning Power of Astringent
Substances—Tan—The Structure and Comporition of Skin—Diflerent
Kinds of Skin suitable for Tanning—Preliminary Treatmment of Skins
—Tanning Process—Improved Irocesses—Vauquelin’s Process—Ace
celerating Processes—Keasley's, Trumbull's, Hibbard’s, and Lepricur's
Processes—Tanning with Extract of Oak-Bark—Hemlock Tanning—
With Myrtle Plant—FEnglish Harness Leather—Calf Skinn—Goat and
Sheep NSiaans—Horse Hides—Buck. Wolf and Dog Skins—Butfalo, or
S Grecian” Leather—Russia Leather—Red Skins—Wallachia Leather
—Mineral Tanning—"Texture and Quality of Leather, and the means
of Discovering its Defects—Tawing—Hungary Leather—0Oiled Leather
~lanning as practised by the Mongol ‘rartars—Shagreen—Parchment
—lLeather Bottles—Tanning of Cordage and Sail Cloth—Glazed or
“Patent” Leather—Helverson’s Proeess for Rendering Hides Hard
and Transparent—Currying—Currying of Calf Skins—Currying of
Goat Skink—Red Leather—Fair Leather—\Water Proof Dressing—
Perkin’ Machine for Pommelling and Graining Leather—Splitting,
Shaving, Fleshing and Cleansing Machines—Ewmbossing of Leather—
Gut Dressing.

Morfit. A Treatise on Chemistry

ArrriED To THE MANUFACTURE OF SoAr AXD CANDLES being
a Thorough Exposition, in all their Minutiz, of the prin-
ciples and Practice of the Trade, based upon the most
recent Discoveries in Science and Art. By Campbell
Morfit, Professor of Analytical and Applied Chemistry in
the University of Maryland. A new and improved edi-
tion. Illustrated with 260 Engravings on Wood. Com-
plete in one volume, 1arge 8V0. . seeseeses oossnesanerses$ 7000
CONTENTS.—CHAPTER L. The History of the Art and its Rela-
tlons to Science—II. Chemieal Combination—III. Alkalies and Alkae
line Earths—1V, Alkalimentary—V. Acids—VI1. Origin and Composie
tion of Fatty Matters—VII. S:ponifiable Fats—Vegetable Fatsa—Anle
mal Fats—\Waxes—VIIL Action of Heat and Mineral Acids of Fatt
Matters—IX. Volatile or Essential Olls, and Resins—X. The Prox{-
mate Principlea of Fats—Their Composition and Properties—DBasie
Constituents of Fata—XI. Theory of Saponification—XII. Utensils
Requirite for a Soap Factory—XIII. Preparatory Manlpulations in
the Process of Making Soap—Preparation of the Lyes—XIV, Hard
. 15






